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SUMMARY AND CONCLUS IONS 


This Lraft Lnvironmental Statement was prepared by the U.S. Nuclear 
Regulatory Commission (NRC) , Uffice of Stanaaras Development (the staff), 
washington, D. C. 2u545. Mr. Lonald k. Hopkins is the USWkC Task Leader 


for this statement (telephone: 301-443-6916). 


This action is auministrative. 

Tnis Lraft Environmental Statement has been prepared in connection with 
the NkC re-evaluation of its present regulations governing air transporta- 
tion of radioactive materials, to provide sufficient analysis to determine 
the effectiveness of the present rules and of possible alternatives to 


those rules. 


summery ot the environmental impact of raaioactive material shipments in 
all moues of transport unaer the regulations in effect as of June 30, 
1975: 
~Ragiation exposure of transport workers and of members of the general 
public from normal, permissible radiation on the outside of packages 
in transport. ‘This population exposure is estimatea at 9600 person- 
rem per year, producing no short term fatalities, but on a statis- 


tical pasis may produce one latent cancer fatality per year. 


Potential radiation exposure of transport workers anu of members 
of the general puplic in the vicinity of transportation accidents 
which involve ragioactive material shipments. Looking at the 


entire spectrum of potential accidents, considering the probability 


li 
and consequences of releases of radioactive material in those 
ac~‘dents, the average radiological risk is shown to be very small, 
es._uated to add only about one latent cancer fatality in two 


thousand years to the total risk. 


-In contrast, in the very unlikely event of a major release of 
plutonium oxide in a densely populated area, there could be severe 
radiological consequences for a few individuals, with one early 
fatality and exposure for up to 16 others sufficient to produce 
death from cardiopulmonary insufficiency in some cases. The latent 
cancer fatalities statistically associated with this major release 


are estimated at twenty per year over a thirty year period. The 


probability of such an event is estimated to be 1077 per year for 


1974. It should be noted that for the above result to be obtained, 


all of the following conditions are necessary: 


a. A low-probability, extra-severe accident, one which occurs 
only once in a billion miles of air-cargo service, must 
involve an aircraft carrying a bulk shipment of plutonium 
oxide. There are presently less than 100 bulk shipments of 
plutonium per year, most of which are transported by truck 


where extra-severe accidents are one hundred times less likely; 


One or more of the plutonium packages, which are designed 

to withstand severe accident conditions, must be subjected 
to 1¢ highest of the forces developed in the accident so 

as to cause gross failure of the package and a subsequent 

release of a large fraction of the radioactive contents 


from the packaye; 


The accident must create conditions which release a 
Significant amount of the plutonium powder from the 
vehicle in which it was being transported and into the 


air such that the plutonium becomes airborne; 


The meteorological conditions at the time are such that 
the plutonium remains airborne and is dispersed, and 
large numbers of people breathe the air which still con- 


tains the plutonium in high concentrations; and 


Mitigating actions, such as evacuation of persons from the 


area, are not taken. 


-Non-radiological impacts from the use of resources for Packaging 
materials and from the use of , and accidents involving, a relatively 
small number of dedicated transport vehicles, were found to result 
in two injuries and less than one accidental death per year, and to 


otherwise be negligible. 


Principal alternatives considered: 


-Transportation mode shifts «+ various components of the industry. 


-Operational constraints on transporting vehicles to minimize 
accidents. 

-~Changes in packaging requirements to minimize release of radioactive 
materials in an accident. 

~Changes in the physical properties of radioactive materials to 


minimize consequences in the event of a release. 


5. The following Feaeral, State ana Local Agencies are being askea to 
comment on this Draft Environmental Statement: 
-bepartment of Commerce 
-Lepartment of Health, Laucation, anda welfere 
-State ana Local Agencies identified 1n Appenalx ii 
-Lepartment of the Interior 
-Lepartment of State 
-Energy kesearcn ana Development Aaministration 
-bepartment of Transportation 
-Environmental .Protection Agency 


-Ffeueral Power Commission 


This Dratt Environmental Statement was mage available to the pudlic, to 
the Council on Environmental Quality, ana to the above specitiea agencies 


in wiarch, 1976. 


On the basis of the analysis and evaluation set forth in this statement, 


after weighing the very small aaverse environmental impacts resulting trom 


transportation of raaioactive materials ana the costs and pen2fits of the 
alternatives available for reducing or avoiaing the aaverse environmer.tal 
effects, the staff concludes: 

-kagiation exposure of inuividuals trom normal transportation is within 
recommenaea limits for members of the general public. A few inaiviaual 
transport workers whose radiation exposures exceed the limits 
established for members of the general public should be, ana in most 


cases are, monitored and otherwise treated as radiation workers. 


~Ine average ragiation exposure of the population at risk from normal 
transportation is a very small fraction of the limits recommended 
for members of the general public from all sources of radiation other 
than natural ana mecical sources, and is a small fraction of natural 


background exposure. 


—Ine rauiological risk from accidents in transportation is small, 
amounting to avout one-thousanath of the normal transportation risk 


on an annual basis. 


~lo maintain the environmental impact of the transportation of radio- 
active materials at its present low level, eftective means must 

continue to pe provided to protect shipments of important quantities 

Ot raaioactive material from thett ana Sabotage. Air transport provides 
the potential for one of a limitea number of those eftective means 

of protection. while further studies are being completea to aetermine 
the cost ana effectiveness of alternate systems to protect radioactive 
material from theft and sabotage, the option of the air mode fo such 


transportation shoula not be precluded. 


-~Alt -cnatives should be further consiaered as to their cost-effective- 


ness in reaucing radiation exposures trom transportation to levels 


that are «s low as reasonably achievable, taking into account social 


ana economic considerations. 
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DETAILED SUMMARY 


Introduction 


This document is an assessement of the environmental impact from 
transportation of shipments of radioactive material into, through, and out of 
the United States. It is intended t> serve as background material for a review 
by the United States Nuclear Regulatory Commission of regulations dealing with 
transportation of radioactive materials. The impetus for such a review results 
not only from a general need to examine regulations to insure their continuing 
consistency with the goals of minimum radiologica? impact, but also fron a 
need to respond to current na zional discussions of safety and security aspects 


of nuclear fuel cycle materials. 


The report consists of seven chapters and appropriate appendices. The 
structure of the report and its content are indicated in the fo’ lowing outline 


of its chapters: 


I. Introduction - The bac:-ground of the study, the uses of 
radioactive materials, and shipping activities in various 


major segments of the nuclear industry are discussed. 


The Regulations Governing Radioactive Materials Transport - 
The regulations are reviewed together with supporting information 


indicating the intent and basis for many regulations. 


Radiological Effects - Since the primary impact of radioactive 
material transport is radiological, the mechanism for radiological 
impact, the appropriate protection guidelines, and the health 


effects model used in this assessment are discussed. 


Transport Impacts Under Normal Conditions - The environmental 
impacts that result from normal transportation, both radiological 
and nonradiological, are assessed, in terms of a standard shipments 


model designed to represent current transport conditions. 


Effect of Transport Under Accident Conditions - The radiological 
and nonradiological ‘~pacts that result from accidents involving 


vehicles carrying radioactive material shipments are discussed. 


Alternative Changes in radiological impact resulting fro: trans- 
port mode shifts, operational constraints, form and quantity limits, 
and packaging standards ch S are assessed, anc cost-benefit 


trade-offs are discussed. 


Security and Safecnacds - The need for security of certain radio- 
active material shipments is discussed, together with the relative 


security of various modes of transport. 


Description of the Environmental -mpact of Ex isting Activities 


The environmental impact of radioactive material transport is best described 
in three distinct parts: the radiological impact from normal transport, the 
risk of radiological effects from accidents involving vehicles carrying radio- 


active material shipments, and all nonradiological impacts. 


Radiological impacts in normal transport occur continuously as a result 
of radiation emitted from packages both aboard vehicles in transport and in 


associated storage. The radiation exposure of selected populations such as 


crew, passengers, flight attendants, and bystanders is calculated in the 
report uSing a computer model which consiaers radiation exposure rates, 
shipment information, traffic data, and mode splits for the principal 
radionuclides shipped. From the computer model, using the best input data 
available on current shipping practices, it was estimated that the total 
annual population exposure resulting from normal transport is about 9600 
person-rem. The largest fraction of this population exposure (some 70%) 
results from the shipment of medical-use radionuclides, while the remaining 
portion results from industrial shipments (about 20%) and nuclear fuel cycle 
shipments (10%). Shipments by truck produce the largest pcpulation exposure, 
resulting from relatively long exposure times at low radiation levels of large 


numbers of people surrounding transport links. 


The individual radiation exposures are generally at low radiation levels, 
and take on the character of a slight increase in background radiation. The 
analysis shows that radiation exposure from normal transportation, averaged 
over the number of persons exposed, amounts to one-half millirem per year, 
compared to the average natural background exposure of 100 millirem per year. 
This would result in a statistical increase of one latent cancer fatality per 
year in the United States from normal transportation of radioactive material, 
as compared to the existing rate of 300,000 cancer fatalities per year from 


all other causes. 


Abnormal transport occurrences such as loss, mislabeling and crushing 


of packages were considered to have a minor impact compared to the total 


radiological impact from normal transport. A population exposure of- 100 


ison-rem r year is an upper limit for this component of exposure; actual 
y 


exposures are expected to be lower. 


* 
In the accident case, risk to the population from accidents involving 


‘vehicles carrying radioactive miuterials was estimated in terms of the numpcr 

of latent cancer fatalities and the probability that early deaths will resuit 
from infrequent accidents involving radioactive materiai shipments, The 
analysis results in estimates of average societal risks of 5.6 x 1074 latent 
cancer fatalities per year, and 7.4 x ic°8 early fatalities per year, as 
compared to 160 fatalities per year (in 1969) by lightning. These risks 

arise principally as a result of the very unlikely event of a major release 

of plutonium associated with the nuclear fi:el cycle. The consequences of 

such an accident, alt::ough very unlikeiy, could be severe for a few individuals. 
Occurrence in a densely populated area (4,000 persons/km © ) coud produce 

one fatality within 365 days and about sixteen exposures sufficient to produce 
death from cardiopulmonary insufficiency in some cases. The latent cancer 
fatalities asscciated with this major release are estimated at twenty per year 
over a thirty year period. The probability of such an occurrence is estimated 


to be 107? per year in 1974. 


Nonradiological impacts such as area denial and the use of resources 
resulting from shipments of radioactive material were found to be negligible. 
Nonradiological impacts on safety were estimated to be two injuries per year 
and one fatality each four years from accidents i: volving vehicles used for 


the sole-use transport of nuclear materials. 


To maintain the environmental impact of the transportation of radio- 
active material at its present low level, effective means must continue 
to be provided to protect shipments of important quantities of radioactive 
material from theft and sabotage. For long distance shipments, air 
transportation offers security advantages over surface modes. Air transport 
provides the potential for one of a limited number of effective means 
of protection. Rail may be an attractive mode for the shipment of nuclear 
reactor spent fuel, but, in general, more secure systems are available 


at less cost for other types of shipments. 


Relationship of Proposed Activities to Other Activities by Government Entities 


Regulation of radioactive material ¢'‘pping is achieved by the NRC and 
the Department of Transportation in conjunction with cooperating state 
agencies. The interaction of these agencies is governed by either an agree- 
ment or a Memorandum of Understanding which defines their individual respon- 


sibilities. 


Probable Impact of Proposed Actions on the Environment 
Any actions pr.“.ced as a result of this environmental assessment will be 


roposed in a future action and will »e considerec separately with that action. 
Pp pa Y 


Alternatives to Existing Activities 

Alternatives to the existing activities in the radioactive material shipping 
industry are discussei in Chapter VI. Mode shifts, operational constraints, and 
package standards revisions were found to produce only small changes in the 
population exposure associated with normal transportation. Although large 


percentage decreases in the existing risk from transportction accidents 


resulted from these alternatives, the results are mitigated by the following 


considerations: 


Because the existing risk from transportation accidents is a 
small percentage of the risk from normal transportation, large 
decreases in accident risk result in insignificiant changes in 


the total (accident plus normal) risk; and 


Because the existing risk from transportation accidents is so small, 
large percentage decreases are actually small decreases in terms of 


absolute effects (e.g. reduction in numbers of deaths or illnesses). 


Where significant costs are associated with small absolute decreases in risk, 


better alternatives should be sought. 


Changes in physical form to minimize the consequences of an accident 
involving plutonium were found to reduce the risk from such an accident. 
A factor of twenty decrease in accident risk and consequences seems 
attainable by this technique for plutonium shipments. There is not sufficient 
information available at this time on the feasibility of this alternative to 


determine its associated costs. 


Unavoidable Adve se Environmental Effects 


The principal unavoidable environmental effect was found to be the popula- 
tion exposure resulting from normal transport of radioactive materials. Since 
the radiation emitted from a package cannot be reduced to zero by any finite 
quantity of shielding, the transport of radioactive materials will always 


result in some population exposure. 


The unavoidable risk from accidents which have the potential for releasing 


radioactive material from packages will always be present. 


The unavoidable nonradiological impacts resulting from transport of radio- 
active material in sole-use vehicles amounts to about two injuries ana less 
than one fatality per year, mostly from accidents involving transportation 
to and from nuclear power plants. Other nonradiological impacts such as 


the use of vehicle fuel and other resources were found to be insignificant. 


Short Term Use of the Environment Versus Long Term Fv. .tive Effects 

The most obvious and important short term effect is the radiation popula- 
tion exposure from nomial transport, which statistically amounts to one latent 
cancer fatality per year. An additional short term effect is the small annual 
risk of accident exposure resulting from a very small probability of a trans- 


portation accident with serious consequences. 


Balanced against these risks are long term posit.ve results from the ship- 


ment of radioactive materials such as in: 


National Health - The use of radiopharmaceuticals in tne diagnosis 
and treatment of illnesses provides a benefit in lives saved which 
can be offset directly against the statistical loss of life resulting 


from population exposure in transport of the materials. 


Oil Exploration - The use of raaioactive material 1 well loyging 
and flow tracing provides technology for intelligent exploitation of 
our oil resources, and aids in optimizing the use of this valuable 


national eneryy resource. 


Quality Control - The use of radiorm:clidues for gauging the thick- 
nessess of metal and paper, measuring proguct aensity, ana locating 
levels of contents in small packages anc in large hclding tanks 
provides a capability to minimize waste of resources and optimize 
quality in finished gooas. 

Electricity Generation - The use of nuclear fuels in reactors allows 
proauction of electricity for society with much lower levels of 
gaseous and solid pollutants to the environment than is possible by 


more conventional methods of generating electricity. 


Irreversible Commitment of Kesources 
The only irreversible commitment of resovrces determined in this assess- 

ment was that resulting from use of fuels to operate the transportation net- 

work. ‘lo the extent that the resources are committed to the transportation 

of radioactive materials alone, the quantity of fuels used is an infinitesimal 

quantity, since transportation c ioactive material occurs incidentally to 


the movement of general goods in .*werce. Only those portions of the fuel 


and other resources attributable to sole-use shipments are committed airectly, 
5 


and that activity is less than 10° 


of the nation's total transportation 


activity. 


CHAPTER I 
INTRODUC’. 


Backgrou 1d and Purpose of this Environmental Statement 


The purpose of this document is to assess *he impact 
upon the environment from the transportation of radicactive 
materials, primarily by aircraft but also by alternative 
ground and water modes. The impact will be assessed by 
constructing a logic model to represent the various ways 
in which the transportation of radioactive materials can 
produce an environmental impact, by identifying the impor- 
tant paths in the logic model, and by evaluating the con- 
tributions of these various paths to the environmental impact. 
The conclusions are based upon a study begun in May 1975 by 
Sandia Laboratories under contract with the Nuclear Regulatory 


Commission (NRC). 


NRC, organized under the Energy Reorganization Act of 
1974, has the responsibility for assuring safety in the use 

of radioactive materials through licensing and regulation. 
Soon after its incepzion NRC stated that it intended to re- 
view those regulations and procedures originally set up by 

the Atomic Energy Commission (AEC) pertaining to the licens- 
ing and regulation of nuclear facilities and materials t > 
determine what changes, if any, should be made. This environ- 
mental statement is, in part, an attempt to provide the tech- 
nical data necessary for NRC to perform its reevaluation of 
the rules governing the transportation of radioactive ma- 
terials. In addition, there has recently been some expression 
of concern by members of the Congress and the public about 


the safety and security of air shipments of plutonium and 


other special nuclear materials through populated areas. The 
NRC authorization bill enacted into law on August 9, 1975, 


provides among other things: 


"The Nuclear Regulatory Commission shall not 
license any shipments by air transport of 
plutonium in any form, whether exports, imports 
Or domestic shipments; Provided, however, 

That any plutonium in any form contained 

in a medical device designed for individual 
human application is not subject to this 
restriction, This restriction shall be 

in force until the Nuclear Regulatory 
Commission has certified to the Joint 
Committee on Atomic Energy of the Congress 
that a safe container has been developed 

and tested which will no* rupture under 

crash and blast-testing equivalent to the 
crash an: explosion of a high-flying aircraft." 


The NRC announced “) its initiation for a rule-making 
proceeding concerning the air transportation of radioactive 
materials, including packaging, and invited comments by the 
public on the existing regulations. Of particular interest 


are views and comments on; 


1. Whether or not radioactive materials should 
continue t% be transported by air. 
The extent to which safety requirements should 
be based on accident probabilities, packaging, 
procedural controls, or combinations of these. 
The relative risk of transport of radioactive 
materials by air compared to other modes of 
transport. 


What improvements, if any, in the applicable 


regulations should be considered. 


In order to determine the quantities and types of 
shipments of radioactive materials currently being trans- 
ported, NRC contracted with Battelle Pacific Northwest 
Laboratories in Richland, Washington, to conduct a survey 
of the radioactive materials industry. Questionnaires 
were sent to about 2,300 of the approximately 18,009 
licensees reguesting data on the numbers and safety char- 
acteristics (e.g. quantity and external radiation level 
per package) of radioactive materials shipments. Detailed 
questionnaires were mailed to special nuclear material (SNM) 


licensees who shipped 1 gram or more of SNM between March l, 


1974 and February 28, 1975, and to approximately 150 "major 


shippers," i.e. licensees who are known to ship large 

numbers of pa-kages or large quantities. Questionnaires 
requesting summary information only were sent to a sampling 
of the licensees selected from lists supplied by NRC and by 
the agreement states. Unfortunately, the results from these 
questiornaires were not received in time to be processed into 
a form useful to this draft assessment, but are expected to 
become available in time for use in the final version of this 
environmental statement. The shipment information used 


for this assessment was obtained from personal interviews, 


from an earlier shipper's survey, ‘°) and from other risk 
(78,920) 


assessments. 


Section B of this chapter is an overview of the current 
industrial and medical uses of radioisotopes and their respec- 
tive transportation requirements. The general scope of this 
environmental impact assessment is outlined in Section C. 
Section D contains a general discussion of the approach taken in 
the impact assessment. Finally, Section E contains an outline 
of the contents of each of the remaining chapters. 


An Overview of Radioisotope Uses 
Much of the information presented in this section was 


obtained from interviews with persons who either manufacture 


radioactive sources and materials for industrial or medical 


use or who use radioactive materials in their work. All are 


dependent upon the transportation of radioisotopes to some extent. 


Certain non-fissile radioisotopes are finding extensive 
applications in the radiopharmaceutical industry, in well- 
logging, in industrial radiography, as large-curie tele- 
theraphy and irradiator sources, and in the manufacture of 
certain types of gauges. Fissile materials, such as uranium- 
235, are used as fuel; others like plutonium-239 are produced 
in nuclear reactors. Together with relatively sma]l amounts 
used in research these constitute the primary applications of 
radioisotopes. An estimated 600,000 packages of radioactive 
material are shipped annually by common carriers in the 
United States, **’ the greatest percentage of these are 


radiopharmaceuticals. 


1. Radiopharmaceutical Industry - Most rediopharmaceu- 
ticals are used to diagnose diseases or locate tumors 
in various organs of the human body. The most commonly 
used isotopes are t27™ and oe. Usually, the patient 
is given an injection of an isotope in the appropriate 
chemical form to localize ~t in the desired organ or 
system, and an imaging device is used to collect the 
emitted gamma rays and form an image of the organ 
containing the isotope. The techniques of nuclear 
medicine are practiced in about 3,300 hospitals in 
1,500 cities in the United states. '3) 


ceuticals are also used therapeutically to treat 


Radiopharma~ 


malignancies. New applications for radiopharmaceu- 


ticals are being found, and the number of packages 


shipped is growinjz at the rate of 10 percent per year. ‘2) 


Isotopes with short half-lives are used to make radio- 
pharmaceuticals for diagnostic use, since they can be 
iministered to the patient in larger doses than long 


half-life isotopes and, thus, produce more intense and 


better resolved images. The half-life of te", pro- 


bably the most prevalent isotope in radioactive 


diagnostics, is so short (6 hours) that it is supplied 


99 9 
as T29™ or in the form of a Mo - Tc 3m "JjJenerator" 


in which “ne tT? 9™ is produced contin’ ally by beta 


decay of Mo’, which has a half life of about 66 hours. 


A saline solution is passed through an alumina column 
on which is adsorbed the parent molybdenum and daughter 
technetium. The tc is eluted by the saline to be 
injected into a patient for diagnostic purposes leav- 
ing the Mo?? source in the column to produce more To29™ 


for later use. 


Most radiopharmaceuticals are produced in New Brunswick, 
St. Louis, Boston, Chicago, and San Francisco. Because 


of their short half-lives, they are usually flown to 


their destination on regularly scheduled passenger 
flights, although one large manufactvrer now ships 
more than 50 percent of his packages by courier ser- 
vice fixed-bed trucks. Approximately 40 percent of 
his shipments go by passenger aircraft. Radiopharma- 
ceutical pactkages shipped to hospitals or nuclear 
pharmacies contain at most a few curies and usually 
much less. 


The packaging usually consists of several cardboard 
boxes, one inside arother, with a lead-shielded "pig" 
inside the innermost box The radiopharmaceutical, 
usually a liquid, is ccntained in a serum vial inside 
the pig. The vial is surrounded by absorbent material 
to contain the liquid in cause the vial breaks. 


The radioactive molybdenum in the Mo?? - tTc22™ generator 


package is contained in a glass or plastic column located 
inside a pig. The saline solution is shipped in the 


same package. Because the Mo?? - T22™ 


generators last 
about a week and because of the way physicians practicing 
nuclear medicine schedule their patients, the hospitals 
and pharmacies like to receive a fresh generator on 
Monday mornings. Thus, significantly more radiopharma- 
ceutical shipments tend to occur er the weekend than 
during the week. Radiopharmace’:..cal packages are 
frequently picked up at the airport and delivered to 

the hospital by taxi, personal automobile, or courier 


service. In some cases, a freight forwarder is used. 


In addition to supplying their customers, the radio- 
pharmaceutical companies receive the raw materials 
from which they produce the pharmaceuticals. These 
come originally from reactors or cyclotrons. The 

raw materials are shipped in large casks approved 

for thousands of curies. Some companies have plants 
at more than one location and require transport of 
large curie quantities of materials between location-. 


These shipments are often made by all cargo aircraft. 


The Well-Logging Industry - Well-logging firms use 


radioisotopes in their dowi.~hole measurements to 


assess a well's capability for secondary and tertiary 
recovery. In a typical logging operation a neutron 

source and a gamma source are placed in an instrumentation 
package and lowered by means of a cable to the bottom 

of the bore hole. The package is then withdrawn slcwly 
while the instrumentation detects the neutrons and 


gamma-rays backscattered from the surrounding strata, 


and the detected signals are displayed on a chart record- 
er. The results yield information about the properties 


of rock formations as a function of depth. 


Typically, an americium-24l-beryllium neutron source 


of a few tens of curies and a cesium-137 gamma-ray 
source of several curies are used. These sources 


qualify as special form ‘*) 


since they are enclosed 
inside two small stainless steel cylinders, one inside 
the other, with welded end caps. The sources are 
fabricated in a hot cell by a service company often 
in the samz2 locale as the well-logging firm. The 
service company purchases the radioisotopes from a 
company having access to a production reactor. The 
well-logging firms have to transport the sources to 
remote well sites and often to off-shore locations. 
They carry out logging operations Loth in the USA 

and in foreign countries including, for example, 
Canada, England (North Sea), Germany, Brazil, 
Venezuela, and Iran. Exports of sources to foreign 
countries as well as long distance shipments within 
the USA (e.g. to Alaska) are sent by cargo aircraft. 
Prior to the embargo on radioactive and other hazard- 
ous materials by the Air Line Pilots' Association 
(ALPA) early in 1975 and the Federal Aviation 
Administration (FAA) rule change implementing provisions 
of The Transportation Safety Act of 1974 which 
prohibit all radioactive materials shipments on 
passenger aircraft other than those intended for 
research or medical use, most of these sources were 
shipped by passenger aircraft. Deliveries of sources 
to sites within approximately a 1000 mile radius of 
the logging firm are generally made by truck, while 
deliveries to off-shore well locations frequently go 


by helicopter. Some logging firms and some oil 


companies do radioactive tracer work in which they 
32 85 
r ’ 


inject a radioisotope, usually I , K or 


tritiated water (HS 0), into a well to monitor its 


flow properties. The liquids are typically shipped 
in a glass serum vial carefully packaged in a metal 
can containing enough absorbent material to absorb 
the liquid contents in case of breakage. The can 


is shipped inside a lead-shielded container. 


The Radiography Industry - Radiography sources are 

made primarily from c of two isotopes, tr}92 or 
60 

Co 


used to examine the structural integrity of welded 


, both gamma-ray emitters. The gamma rays are 


joints ; rincipally in large pipes and pressure vessels. 
The source is positioned at the end of a short flexible 
steel cable to facilitate handling in the radiography 
"camera." The gamma rays emitted by the source pass 
through the welded joint and expose a piece of photo- 


graphic film. The voids show up as dark spots on 


the developed negative. The radioactive sources are 
enclosed by two small, welded, stainless steel capsules 


‘ ; 4) 
and are considered ars special form. ‘ : 


Only a few companies manufacture these sources, obtain- 
ing the raw materials from production reactors; but 
there are numerous radiographers who use them. Unlike 
the radiopharmaceutical industry, che radiography 
industry requires shipments of sizeable quantities of 
radioisotopes between manufacturer and user in both 
directions. A fresh source, typically 100 curies, is 
sent to a radiographer for use in his camera. When it 
has decayed to about 20 curies, it is returned to the 
manufacturer in exchange for a new source. The new 
source is returned in the same shielded container in 


which it is shipped and stored. 


Some radiography cameres are used for field work, e.g. 
at pipeline installations, and require transportation 
from the field office to a remote site. The units 
are fairly portable and are usually transported by 
small truck or van. However, the majority of radio- 
graphy is done at fabrication plants requiring no 


transport except to and from the supplier. 


Large Curie Sources - Teletherapy sources containing 
60 


large quantities of Co (up to 10,000 curies) are 
fabricated and shinped to cancer treatment centers 
both in the USA and abroad. Overseas exports are 
transported by ship, while domestic shipments go by 


truck or rail. Irradiator sources, usually Co°9 or 


csh37 


and contain hundreds of thousands of curies. These 


, are used in large scale sterilization operations 


sources are returned to the manufacturer after decaying 
to about 30-50 percent of their initial strength. 

They are shipped in large casks which, in general, 

are too heavy to be transported economically 

by aircraft. 


Radioactive Gauges - A number of gauges are manufactured 
which use radioisotopes. Some gauges are used to 
measure the density of a liquid flowing in a pipe. 

Other gauges .etermine tne level of a liquid or solid 
material inside large storage containers. Some thick- 


ness measuring instruments use radioactive sources. 


Mest of these devices use cet? | but a few use co°? or 


ka - The sources are usually special form in double- 
welded capsules; they may contain as many as 

a few curies, but more often are a few hundred milli- 
curies. They are packaged in lead containers and are 
shipped by motor freight. Some are exported overseas 


by ship. The radioactive materials used to make the 


sources are purchased from companies which obtain them 
from production reactors, often in quantities of 10 
to 100 curies. Once these sources are installed, they 


are not moved until disposal. 


The Nuclear Power Industry - Nuclear Reactors - All of 
the previously mentioned radioisotopes used for industrial 


and medical purposes are produced either in nuclear 
reactors or in cyclotrons. A nuclear reactor is a device 
in which fission energy is released. Fission reactions 
are highly exothermic, and the thermal energy released 


is utilized in power reactors to produce electricity. 


Only three relatively stable nuclides are useful as 
fuel for nuclear reactors. These are uranium-233, 
uranium-235, and plutcnium-239. All light-water power 
reactors use uranium which has been slightly enriched 
(less than 5%) in the U-235 isotope. 


A general nuciear fuel cycle associated with the 


production of electrical energy from fission is shown 
schematically in Figure I-l. Higher grade ores contain- 
ing 2 to 5 percent uranium are concentrated to about 


75% U,0, near the source of the ore and shipped to a 


conversion plant. The uranium in the U,0, consists 


mainly of the isotope U-238; 0.71% is U-235. At the 


conversion plant the U0, is converted to UF¢- The 
UF ¢ is shipped as a so”.id to 2 uranium enrichment plant 
where it is enriched in the fissionable isotope U-235. 
The enriched UF ¢ is sent to a fuel fabrication facility 
where it is converted to uO, and pressed into pellets. 
The pellets are fabricated into fuel rod assemblies, 

and the completed fuel assemblies are sent to a light 
water reactor where they are used to generate electrical 


power. 


LEMENTS RUCLEAR | SPENT FUEL 


Figure I-l. Nuclear fuel cycle* 


*Excerpted from Nuclear News 


The y23° content of the fuel elements is reduced 


during operation until the elements have to be replaced. 
In addition, some of the y*?8 is converted into py??? 
The reactor is periodically shut down to remove the 
spent fuel elements, which are sent to a reprocessing 
plant. At the reprocessing plant the spent fuel is 
separated from the cladding and is processed in a bath 
of hot nitric acid. The uranium, plutonium and fission 


products are chemically separated. 


The recovered uranium is sent back to the enrichment 
plant while the liquid plutonium nitrate is stored. 
The high-level waste products are currently being 
stored temporarily, awaiting the approval of a site 


for a permanent waste repository. 


To reduce the demand for uranium and to utilize the pluto- 


nium produced in the reactors, an alternative procedure 


would involve mixing plutonium as an oxide with the UO, 


and "burning" the mixed oxide fuel in the reactor. An 


(9) for mixed oxide fuels 


environmental impact assessment 
is being prepared, but is not yet complete. There 
currently no recycling of plutonium except for use 


few experimental reactors. 


The high-temperature gas-cooled reactor (HTGR) 

uses highly enriched (93%) uranium and thorium as 
fuel. The fuel cycle for this process is shown 

in Figure I-2. Uranium ore is converted to UF 6s 
enriched to 93 percent, and converted ‘to enriched 
UO.- 


mixture of rare earth phosphates containing 1 oo Ta 


Thorium is extracted from monazi' ore, a 


percent ThO,. The extraction and purification 
process is similar to that used for uranium. The 


uO. and Tho, are converted to carbides, coated with 


FIGURE I-2 


High Temperature Gas Cooled Reactor (HTGR) Fuel 


t+13 


graphite, blended and formed into cylinders, and 
inserted into graphite blocks. The mixed fuel is 
then sent to the HTGR, which uses helium gas as a 
heat transfer medium. During operation of the 
reactor some of the thorium is converted to u*?, 

The spent fuel, after at least a 90-day cooling-off 
period at the reactor site, is sent to a reprocessing 
plant. The recovered u23°, now at a reduced enrich- 
ment level, is sent back to be enriched again up 

to 93 percent. The y*?3 is shipped to a conversion 
plant where it is converted to a carbide to be used 
as a replacement fuel for uy??? in the reactor. There 


is currently only one licensed HTGR in the USA. 


The Naval Nuclear Propulsion Program utilizes highly 
enriched uranium ( > 90% u23>), but in a water-cooled 
reactor system. Like the other reactor types, the 

uranium is enriched as UF ¢ by gaseous diffusion and 


converted to uo. for fabrication into fuel elements. 
23 


Because there is very little U present in the 


fuel. only very small quantities of Pu are recovered 

during the reprocessing of the spent fuel. The 
Bas. : 

recovered U is then re-enriched for reapplication 


to the fuel cycle. 


Certain quantities of "special nuclear materials" 
(SNM), such as plutonium, get. and aa Or uranium 
enriched in these isotopes to a level of 20 percent 
or more require physical protection against theft 

and sabotage during transport because it is conceiv- 
able that they could be made into a nuclear explosive 
device. The regulations which prescribe the safe- 
guards for these materials are given in 10 CFR 70 and 


10 CFR 73 and will be discussed in the next chapter. The 


types of shipments requiring safeguarding include most 
plutonium shipments and all shipments of highly envrich- 


ed uranium such as those involved in the HTGR and 

Naval Reactor Programs. If and when plutonium recycling 
becomes a reality, there will be many more shipments 
requiring safeguarding. Although spent fuel contains 
sizeable quantities of plutonium the plutonium is not 
readily separable from the other radixvactive material, 
and the activity of the irradiated fuel material is 
sufficiently high to exempt it from transportation 


safeguards requirements. 


Much of the unirradiated SNM is transported in cargo 


aircraft and, prior to the DOT restrictions allowing 
only those radioactive materials intended for medical 
or research use, some went by passenger aircraft. The 


other principal mode of transport is truck. 


Summary of Transportation Reguirements -A 


summary of the principal transportation require- 
ments of the radioactive materials industry ,in 
the USA is presented in Table I-l. The shipments 
listed and their modes of transport are thought 
to be representative of the radioisotope industry 
on July 1, 1975. Not shown are postal shipments 
of very small quantities of radioactive material. 
The principal and secondary transport modes are 
identified along with the packaging typically 


used. 


C. Scope 
Table I-l also lists the principal types of radio- 


isotope shipments within the industrial sector. The 
list includes shipments which take place within the 
nuclear power industry, shipments of pharmaceuticals, 


teletherapy sources, and industrial sources for well 


MATERIAL 


U-Ore 


3% 


Normal UF; 


” 


Enriched UF; 


* 


Enriched uo, 


* 
Fuel Elements 


Mixed 
rission 
Products 


Low Level 
Wastes 


Irradiated 
Fuel 


* 
P,° 


Uranyl 
Nitrate 


Fission 
Products 


Fission Product 
Isotopes 


* 
Indicates material which 


ISOTOPE (s 


RADIOISOTOPE SHIPMENTS SUMMARY - July l, 
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Mine 


Mill 


Feed Preparation 
Plant 


Enrichment Plant 
UO, vlant 


2 


Fuel Fabricator 


Reactors 


Reactors 


Reprocessor 


Reprocessor 


Reprocessor 


TABLE I-1 


TO 


Mill 


Feed Preparation 
Plant 
Enrichment Plant 


U0, Plant 


Fuel Fabricator 


Reactors 


Commercial 
Burial Site 


Reprocessor 


Fuel Fabricator 


Feed Preparation 
Plant 


Government oO! 
Industry Users 


may require safeguarding per 10 CFR ta 


1975 


PRIMARY 


MODE (s) 


i 


SECONDARY 
MOL 2 (s) 


PACKAGING 


None 


Steel Drums 
Sealed Cylinders 


Sealed Cylinders 
and protective 
packaging 


Drums with 
protective pack- 
aging 


Special shipping 
containers 


Drums and Shielded 
protective pack- 
aging 


Shielded Casks 


Protective pack- 
ages and special 
Pu shipping 
containers 


Tank trucks, Tank 
cars, and 
protective pack- 
aging 


Shielded Casks 


MATERIAL ISOTOPE (s) 


High Level Mixed 
Solid Waste Fission 
Products 


Radio- Mo-Tc Gen 
pharmaceutical 


99m 
Cc 


" T 
" yi3l 


Radio- 
pharmaceutical 
Raw Material 


Radiography 
Source 


Radiography 
Source 
Raw Material 


Teletherapy 
Source 


Irradiator 
Source 


TABLE I-l (con't) 


FROM 


Reprocessor 


Supplier 


Reactor, 
Cyclotron 


Supplier 


Supplier 


Radiographer 


Reactor 


Supplier 


Medical Facility 


Supplier 


User 


PRIMARY 


TO MODE (s) 


Storage R 


Medical Facility 


Supplier 


Processor 
Distributor 
Radiographer 


Supplier 


Supplier 


Medical Facility 


Supplier 


User 


Supplier 


_PACKAGING 


Shielded Casks 


Special Radio- 
graphy source 
shipping/storage 
containers 


" 


Shielded 


Shielded 


Shielded 


Shielded 


Shielded 


MATERIAL 


Large Source 
Raw Material 


Well-Logging 
Source 


Well-Logging 
Source 


Well-Logging 
Source 
Raw Material 


Gauges 


Gauge 
Raw Material 


ISOTOPE (s) 
60 
Oo ' 


Cc 


Cc 
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Truck 
Rail 


537 


All-Cargo Aircraft 


Passenger Aircraft 


Helicopter 


FROM 


Reactor 


Supplier 


Logging Firm 


Reactor 


Supplier 


Reactor 


TABLE I-1l (con't) 


TO 


Supplier 


Logging Firm 


Remote Site 


Supplier 


User 


Manufacturer 


PRIMARY SECONDARY 
MODE (s) 


T 


MODE (s) 


PACKAGING 
Shielded Casks 
Special Logging 


Source Shipping 
Containers 


Shielded Casks 


Special Containers 


Shielded Casks 


logging, radiography, and gauging. The ge! 2ral types 
of shipments listed in this table are the subject of 
this impac. assessment. Weapon shipments and all 
shipments in government-owned vehicles are considered 
to be outside the scope of this document. The ship- 
ments specified in Table I-1l do not list all possible 
transport modes for each shipment type, but rather 


show the modes peing used on July l, 1375. 


Approach to the Problem - Industry Model 

In order’*to quantitatively assess the environmental 
impact, a list of standard shipments was compilcc 
from the general list in Table I-l, which is represent- 
ative of shipments of radioactive materials as of 
July 1, 1975. This shipment list, used to model the 
industry, is shown in Table I-2. It is evident from 
comparison of this table with Table I-1 that certain 


shipment types are not considered. The selection 


of standard shipments to represent the industry 


was made on the basis of: 
1. The number of shipments of each type per 
(2,6) 
year. 
2. The potential radiation hazard of the 
isotopes involved. 
The results of previous radioactive materials 
; ; (7,8,9,10,11) 
transportation risk assessments. 
Information obtained from interviews with 


industry representatives. 


The majority of packages of radioactive material 
shipped today contain radiopharmaceuticals. An 
estimated 600,000 packages of radioactive material 
were shipped aie and were distributed as shown 


in Table I-3. The 1985 projections were estimated 


using a fixed rate of growth suitable to the material. 


Shipment Avg. Avg. 
Class Ci/Pkg TI/Pkg 
Te?2™ 0.28 0.1 
Iodine 0 012 0.8 
Small 
Iodine 56.7 Led 
Large 
Mo?? 0.60 ee 
Small 
9 
Mo?? 80 3,6 
cd Large 
! 
o RAPH 0.042 0.5 
Small 
RAPH 74 1 AE 
Large 
tr??? 100 5.0 
Source 
tr??? 5000 10.0 
Raw 
Material 
SF Kr 2000 J 
o (Equiv. ) 
3 
P< oe 2 0 
& (Equiv.) 
& sp pp 800 100.0 
(Equiv. ) 


3628 5.0 


TABLE I-2 


__Total Packages/Year 
1975 


NN 


370 


370 


1.00 x 10 


Pass, 


STANDARD SHIPMENTS FOR THE NUCLEAR INDUSTRY 


Air 


Transport Mode Split - 
Cargo Air 


& Van 


100 


% of Total 


Truck 


100 


Rail 


TABLE I=-3 
2 
1974 RADIOACTIVE MATERIALS surpments* ‘2) 


Number of Pkg. 


Type of Material — Shipped in 1974 $ of Total 
Radiopharmaceuticals 500,000 83% 
Medical Research 70,000 hI 
Research 24,000 + 
Industrial 6,000 1 
TOTAL 600,000 100% 


* 
Excluding fuel cycle shipments. 


The radiopharmaceutical shipments were categorized into 
four groups on the basis of a survey ‘®) of shipments made 
during one week in 1973,* According to the survey, three 
materials: molybdenum-99, technetium-99m, and iodine 
(including the isotopes I-123, I-125, and I-131) accounted 
for over 75 percent of the packages Shipped. For this risk 
estimate, all other radiopharmaceuticals were lumped into 
one group called "RAPH", The 1973 survey results were 
tabulated according to the number of packages of each 
radionuclide shipped within a given quantity range. The 
quantity ranges were 1 mCi or less, greater than 1 to 
100 mCi, greater than 0.1 to 1 Ci, greater than 1 to 3 Ci, 
greater than 3 to 20 Ci, greater than 20 to 100 Ci, and 
greater than 1000 Ci. The total number of transport 
indices (TI) in each category were also listed for each 
isotope (see Chapter II, section D for the definition of 
TI). The iodine, molybdenum, and RAPH shipments were 
further grouped into large and small quantity shipments, 
with the dividing line between the two in the 1-3 Ci 


min oom 
i 


range. There were so few large shipments that they 


were all lumped into one group. 


*This data is expected to be 


updated by a more extensive survey 
now in progress. 


The follcwing example for small iodine shipments 
illustrates the methods used to determine the average 
number of curies per package, the average TI per package, 
and the number of packages shipped per year. The survey 
indicated that during one week there were 1020 packages 
in the less than lmCi range, 1410 in the 1 to 100mCi 
range, and 45 in the 0.1 to 1 Ci range. The average 
number of curies per package in each range was estimated 
by tu..ing the geometric mean of the extremes (except for less 


thaa lmCi). The geometric mean was chosen to avoid attaching 


undue significance to the relatively few large quantity shipments. 


Thus, the average number of curies per package in the 0.1 

to 1 Ci range was taken to be 0.32 Ci/pkg. Multiplying the 
total number of packages in each range by the average number 
of curies per package for that range, forming the sum over 
ali ranges in the shipment class, and dividing by the total 
number of packages results in the average number of curies 
per package for the shipment class. For small iodine ship- 
nents, this is: 29.52 Ci/2475 pkg.; or 0.012 Ci/pkg. ‘The 
average number of TI per package for each shipment class 

was determined in a similar way. It was determined from 

the survey that the number of small iodine packages con- 
stituted 34.66% of the total. It was estimated that the 
total number of radiopharmaceutical packages in 1975 would 
be 550.000. an increase of 10% over the 1974 eatimate. ‘*) 
The number of small quantity iodine packages in 1975 was, 
therefore, estimated to be 0.3466 x 550,000 or 190,700. 

The transport mode splits for the various radiopharmaceutical 
shipment classes (small shipments only) are estimates 

based upon shipping information obtained from several radio- 


pharmaceutical manufacturers. 


According to Table I-3, about 1% of the number of 
radioactive material packages shipped annually contain 
industrial sources. The total number of industrial source 
packages estimated for 1975, assuming a 10% growth from 
the 1974 number is 6600. As a conservative estimate, 
these are all treated as 100 Ci tr}? sources. The ~ 

raw material shipment class is intended to represent the 

raw material shipments from production reactors to industrial 
source fabricators. The total number of 7 raw material 
packages shipped, assuming 5000 Ci per package, was chosen 

to be consistent with the 6600 industrial 100 Ci sources 


shipped. 


Most of the research and medical research isotopes 
shown in Table I-3 contain only small quantities. For the 
purposes of this impact assessment, they are included in 
the RAPH (small) category by an adjustment of the total 


number of curies for that category assuming an average of 


0.1 mCi/pkg. The 1985 projections of the annual numbers of 
packages shipped are based upon an estimated growth rate of 


10 percent per year for the radiopharmaceutical and industrial 


sources. The 1975 mode splits and shipment sizes are assumed. 


The risks involved in transporting radioactive 
materials involved in the nuclear fuel cycle have been 
considered in previous studies, and the results of these 
studies are used in this report where applicable. The 
contribution of transportation of reactor fuel and the 
transportation of solid, packaged radioactive waste to the 


(7) 


environmental impact of a typical LWR has been assessed. 


(8) discussed the environmental impact due 


A later document 
to the other shipments involved in the Uo.-fueled LWR fuel 


cycle for a typical 1000 MWe reactor. Both documents 


considered only those modes currently used, i.e., truck, 
rail, and barge; neither considered transport by aircraft. 
Another report (9) sponsored by the U. S. Environmental 
Protection Agency (EPA) presented the results of an assess~- 
ment of the accident risks associated with the transportation 
of radioactive materials in the nuclear power industry from 
1975 to 2020. The routine exposure due to shipments within 
the nuclear power industry was evaluated in an earlier EPA 


(10) 


sponsored report. A risk evaluation for truck shipments 


of plutonium oxide and plutonium nitrate has been made by 


Battelle Pacific Northwest Laboratories. ‘+4? 


A significant ‘:ransportation risk from fuel cycle ship- 
ments occurs in the transport of irradiated (i.e., spent) 
fuel from a reactor to a ceprocessing plant. '”? A similar risk 
occurs in the transport of high level radioactive wastes 
(HRW) . ‘8? Since there are currently no HLRW shipments and 
few, if any, are anticipated by 1985, they are not explicitly 
treated in the model. Spent fuel shipments are considered, 
and accidental releases are modeled by a method similar to that 
used in references (7) and (9). The annual numbers of spent 
fuel shipments for 1975 and for 1985 are estimated to be 370 


and 3600, respectively. ‘+2? 


> total amount 
9000 ke distributed over about 
per shipment. In order to compute the annual risk, one 5.4 ke package 
per shipment is considered. The transport mode split is estimated to 
be 35 percent by cargo aircraft, with van as the secondary mode at the 
shipping and receiving ends, and 65 percent by vec. / The projected 


number of shipments for 1985 is estimated to be s the number for 


. 
1975, ‘1? assuming that NRC approves plutonium recycle Although there 


have been no air shipments of plutonium since the A 
such shipments were taking | lace a: 


evaluation of the impact. 


Method Used to Determine the Risk 


The environmental impact assessment presented in this 
document makes use of a logic model which serves as a road 
map in the analysis of the various events or combinations of 
events which could produce an environmental impact. The 
model also illustrates the relationships between the events 
and their various effects. It has a tree-like structure 
with the undesired event, i.e., an impact upon the environment, 
at the top. 


The top of the tree-structure is shown in Figure I-2. 
The first tier below the top lists three broad event class- 
ifications which catagorize the undesired event: the impact 
is produced during normal transport conditions, as a result 
of an accident, or as a result of diversion. The symbol 
beneath the rectangle identifying the undesired event is 
an "and" gate, indicating that events in all of the 


three categories below contributes to the eventual environ- 


mental impact. 


The normal case involves routine exposure to freight 
handlers, aircraft passengers and/or crew, truck drivers, 
bystanders along the route, etc., due to radiation emitted 
by the material and passing through the package outer sur- 
face or due to contamination of the package surface. There 


is no loss of containment in the normal case. 


In the accident case one considers the additional 
hazard which could result from an accident involving a 
vehicle transporting one or more packages of radioactive 
material. Three possible hazardous conditions may arise 


in such an accident: 


ENVIRONMENTAL IMPACT 
OF TRANSPORTATION OF 
RADIACTIVE MATL 


ENVIRONMENTAL IMPACT ENVIRONMENTAL INPACT ENVIRONMENTAL IMPACT 
OF NORMAL TRANS. OF OF ABNORMAL TRANS. QUE TO DIVERSION OF 
RADIOACTIVE MATL OF R/A MATL RADIOACTIVE MATL 
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FIGURE I-3 


Initial 


Jormal Casé 


Diversion 


a loss of shielding efficiency of the package, 


b. a loss of containment of the radioactive material, 


and 


accidental assembly of a critical mass in fissile 


material shipments. 


The first condition could result in direct exposure of 
persons near the accident to radiation; the second could 


ultimately result in ingestion or inhalation of the radio- 


active material into a human body. The third case could 
result in neutron irradiation of persons in the vicinity 


of the accident at the time it occurs. 


Diversion involves the sabotage or theft of a radio- 
isotope shipment. Certain quantities of so called "special 
nuclear materials" such as plutonium and highly enriched 
uranium are possible targets for theft, since they might be 
used to make a nuclear device. Other radionuclides in large 


quantities may also become targets for sabotage. 


Normal transport, accidents, and diversion are treated in 
separate chapters of this report, and each is analyzed 
according to the branch of the logic model which pertains 
to it. Quantitative estimates of tne environmental impact 
are made for the normal and accident cases. The diversion 
case is not amenable to the quantitative analysis used in 
the normal and accident cases and is discussed from the 
point of view of the relative susceptibility to theft or 


sabotage of one transport mode with respect to another. 


The environmental impact in the normal case is 
evaluated in terms of the expected annual population dose, 
expressed in person-rem, which results from the transport 
of radioactive materials, assuming there is no loss of 
containment or decrease in shielding efficiency during 
transport and that the material is packaged and shipped 


in accordance with the federal regulations. 


Ee27 


The population dose resulting from the transport of 
any given package is proportional to its "transport index" 
or "TI" (see Chapter II, Section D, for a definition of 
transport index). By following a given package from the 
time it is presented for transport until it arrives at its 
ultimate destination, estimates of the total population 
dose per TI shipped are made. The methods of computing the 
dose depend upon the transport mode. The multiplication 
of the population dose per TI shipped by the number of TI 
shipped per year results in the expected annual population 
dose for each mode, and their sum gives the total expected 


annual dose due to normal transport. 


An expected annual population dose is also computed in 
the accident case. This dose is determined by the number 
of curies shipped rather than the number of TI shipped. The 
dose is isotope dependent, particularly in the case of 
ingestion or inhalation of the spilled contents, since 
different isotopes have different biological effects when 


taken internally. 


A population dose due to accidents is computed for 
each shipment type listed in Table I-2 in terms of person 
rem per curie (or per gram) released in three different 
Population zones. The dose calculation utilizes a Gaussian 


plume dispersion model developed for an analysis of the 


: : 23 , . : 
hazard of Pu dispersal. The material which escapes is 


assumed to be aerosolized (as a worst case) in a cloud 

Which is initially ten meters high. Using diffusion 
climatology conditions based upon meteorological data, the 
Cloud dispersal is calculated, the dose received in three 
different population density zones is computed and the 
results are used in the computation of the annual population 


dose for each of the standard shipments of Table I-2. 


The results of the risk calculations for accidents 


involving shipments of radioactive material are presented 


also in terms of the probability of N early fatalities 


per year for various values of N. 


The consequences of postulated accidents involving 


certain large quantity shipments are °1so evaluated. The 


results are presented in terms of the maximum population 


dose in person-rem per accident along with the number of 


persons receiving greater than specific doses of interest. 


The discussion of the diversion of strategic special 


nuclear material (SSNM) is a qualitative comparison o* the 
relative advantages and disadvantages of one transport 

mode with respect to another in the area of safeguards. It 
is assumed that the SSNM shipments follow -he federal safe- 
guards requirements. All connecting links and transfers in 
a given shipment are considered as possible targets for theft 
or sabotage; e.g., in aircraft shipments, the associated 
ground transportation and transfers of the material are 
considered along with the main air transportation link. The 
safeguards chapter also addresses the relative costs of 
various safeguards systems along with their relative effec- 


tiveness. 


The Contents of this Document 


The following chapter, Chapter II, diccusses the 
federal regulations which apply to the transport of radio- 
active materials and the safeguarding of SSNM. It is the 
transportation of radioactive materials under these regula- 
tions which is the subject of this report. Chapter III is 


a general discussion of the biological effects of radiation 


exposure, including a discussion of the health effects model 


used in this assessment. The case of normal transport of 
radioisotopes and the associated environmental impact is 


discussed in Chapter IV. In Chapter V the impact due to 


accidents is discussed. Chapter VI includes a discussion 


of alternatives to present shipping practice, including 
transport mode shifts, and their effect upon the environ- 
mental impact. The diversion of SNM and the evaluation 
of the steps taken to avoid diversion are discussed in 


Chapter VII. 
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CHAPTER II 


THE REGULATIONS GOVERNING RADIOACTIVE MATERIALS TRANSPORT 


Introduction 
The objective of this chapter is to summarize in a 
clear and concise manner the federal regulations pertaining 


to the transportation of radioactive materials. Since it 


is only a digest of these regulations it is not possible for 


it to be complete in utmost detail. For detailed information 


the reader is referred to the appropriate sections 


the Code of Federal Regulations 


in 


(some of which are provided 
as Appendices to this document). 


There are four basic safety requirements (1) which 


be met when transporting radioactive materials: 


1. adequate containment of the radioactive material, 
2. adequate control of the radiation emitted by the 
material, 
safe dissipation of heat generated in the process 
of absorbing the radiation and, 
prevention of nuclear criticality, i.e., 
the accumulation of enough fissile material 
in one location to result in 


a nuclear 
chain reaction. 


The purpose of the regulations is to ensure that these 
requirements are met. In the subsequent sections of this 
chapter the regulations relating to each of these safety 


requirements are discussed. 


NRC regulations provide the standards which must be met 


rather than attempting to specify how they are to be met. An 


example of the application of this basic concept is the fact 
that the regulations do not prohibit the shipment of any 
specific radioisotope as long as the basic safety standards 


are met. 


Section B follows this Introduction and is a discussion 
of tne various regulatory agencies and the sources of their 
spective regulations. In Section C are discussed those 
regulations and standards designed to ensure the containment 
of the radioacti’re material during transport, including the 

classification of radioactive materials for shipment, Type 

A packaging standards, Type B packaging standards, packaging 
for large quantities, exempt items, exempt quantities, and 
low specific activity (LSA) materials. Section D discusses 
the standards for radiation controls during transport and 

the definition of the cransport index. The special regula- 
tions applicable to fissile materials for criticality control 
are discussed in Section E, Section F outlines the respon- 
sibilities of a licensee who receives a shipment of radio- 
active material and discusses procedures for picking up, 
receiving, and cpening packages. The labeling requirements 
for packages are covered in Section G. In Section H the 
responsibilities of the carrier, including vehicle placarding 
and stowage, are discussed. Section I covers the require- 
ments for the reporting of incidents and decontamination 
procedures. Finally, in Section J the requirements for the 
safeguardiny of special nuclear material in transit are 


discussed, 


Regulatory Agencies 


The transportation of radioactive materials within the 


United States is regulated by the Nuclear Regulatory 
Commission (NRC) and the Department of Transportation (DOT). 


International shipments in most cases are made consistent 


with the standards of the International Atomic Energy 
Agency (IAEA). with the DOT serving as the USA "competent 
authority." Certain so-called "exempt" quantities may 

be shipped by mail and are regulated by the U.S. Postal 
Service. Shipments not in interstateror foreign commerce 
or in air transportation as defined in the Federal Aviation 
Act of 1958 are controlled by NRC and by various state 


agencies. 


The Nuclear Regulatory Commission (NRC) was established 
by the Energy Reorganization Act of 1974, which went into 
effect on January 19, 1975. This act also created the 
Energy Research and Development Administration (ERDA) and 
abolished the Atomic Energy Commission (AEC). The licensing 
and related regulatory authority held by the AEC under the 
Atomic Energy Act cf 1954, as amended, was transferred to 


the NRC. 


Chapter 1 of Title 10 of the Code of Federal Regulations 
contains the rules and regulations of the NRC, including rules 
relati.g to the issuance of general and specific licenses for 
receiving, acquiring, owning, possessing, using, and trans- 
ferring by-product material, source material, and special 
nuclear material. A transfer of a non-exempt quantity of 
radioactive materials can take place only between person who 
are licensed by either the NRC or by certein "agreement states," 
a term to be explained later in this section, The most 
important parts of Title 10, Chapter I which pertain to 
radioactive materials transport are Parts 20, 70, 7h Sno 
73, which deal respectively with Standards for P :ion 
against Radiation, Special Nuclear Material, Packag. .g of 
Radioactive Material for Transport and Transportation of 


Radioactive Material under Certain Conditions, and Physical 


Protection of Plants and Materials. In referring to these 
and other regulations in the Code of Federal Regulations an 
abbreviated form will be used, e.g., "10 CFR 71.35(a)" 
meaning "Paragraph (a) of Section 71.35 of part 71 of 


Title 10 in the Code of Federal Regulations." 


The AEC, through formal agreements with certain states 
transferred to those states the regulatory authority over 
byproduct material, source material, and less-than-critical 
quantities of special nuclear material. These so-called 
“agreement states" are Alabama, Arizona, Arkansas, California, 
Colorado, Florida, Georgia, Idaho, Kansas, Kentucky, Louisiana, 
Maryland, Mississippi, Nebraska, Nevada, New Hampshire, New 
Mexico, New York, North Carolina, North Dakota, Oregon, South 
Carolina, Tennessee, Texas, and Washington. These states 
have adopted a uniform set of rules requiring an intrastate 
shipper of radioactive materials to conform to the DOT 


requirements for packaging, labeling, and marking. 


The Department of Transportation (DOT), under the 
Department of Transportation Act of 1966, the Transportation 
of Txplosives Act, the Dangerous Cargo Act, the Federa! 
Aviation Act of 1958, and the Transportation Safety Act of 
1974 has regulatory responsibility for safety in 
transpor*ation. The branch of the DOT concerned specifically 
with safety in the transport of radioactive and other hazardous 


materials is the Office of Hazardous Materials Operations. 


The DOT regulations governing carriage of radio- 


active materials by rail and by common, contract, or private 


vit 


carriers by public highway (e.g. truck) are found in 49 CFR 


170-189. The DOT regulations regarding packaging of radio- 


active materials are consistent with the NRC regulations 


in 49 ] DOT regulations regarding packaging 
9 CFR 273.,. ‘178.- The 


re 4 
DOT 3 ] the transport of radioactive 


of radioactive mé ial a found in 
4 CFR 263:, The U.S. Coast Guard 
to the carriage of radio- 


and other hazardou aterials by barge or ship. 


Certain emp quantities of radioactive material 
may be shipped through the mail. The regulations of the 
U.S. Postal Service found i CFR ] ] e to such 

criteria used to determine how much 
can qualif 


ls chapter. 


In order to carry out their respective regulatory 
functions ‘:r the safe transport of radioactive materials 
with as little duplication of effort as possible, the ICC 
and the AEC (now NRC) signed a “memorandum of understanding" 
in 1966 which has been superseded by a revised memorandum 
of understanding between DOT and AEC signed on March 22, 
1973. According to the memorandum the DOT regulations 
(49 CFR 170-189, 14 CFR 103, and 46 CFR 146) apply to 
shippers as they pertain to packaging, marking, labeling, 
and to carriers as they pertain to vehicle placarding, 
loading, storage, monitoring, and accident reporting. All 
packagings for shipment of fissile material, Type B, and 
large quantities of radioactive material require approval 
by the NRC. In case of a transportation accident, incident, 
or suspected leakage of a package of radioactive material 
discovered while in transit, the DOT investigates the 
occurrence and prepares an investigation report. If, 


however, an accident or incident occurs, or suspected 


leakage is discovered other than during transit, the occur- 
rence is investigated by the NRC. The DOT is recognized 

as the "national. competent authority" with respect to the 
administrative requirements of the International Atomic 


Energy Agency (IAEA) for the safe transport of radioactive 


materials. The two agencies have agreed to cooperate via 


exchanges of information in the development and enforcement 


of the regulations. 


Regulations Designed to Insure Adequate Containment 


The regulations to be discussed in this section provide 
standards for packaging and define limits for the package 
contents. The terms "package" and "packaging" are defined 
in 10 CFR 71.4 as follows: 


(k) "Package" means packaging and its radio- 
active contents; 

(1) "Packaging" means one or more receptacles 
and wrappers and their contents excluding 
fissile material and other radioactive material, 
but including absorbent material, spacing 
structures, thermal insulation, radiation 
shielding, devices for cooling and for absorbing 
mechanical shock, external fitting: , neutron 
moderators, nonfissile neutron absorbers, and 


other supplementary equipment. 


In defining the packaqing standards and the package content 
limits, the consequenses of loss of containment must be 
considered. In the event that some of the radioactive 
contents escapes from the package, a potential hazard to 


transport workers and to the general public exists due both 


to the external radiation emitted from the exposed radio- 
nuclide and to the often more serious problem of ingestion 
into the body particularly through inhalation. Since the 
radiotoxicity hazards of the radionuclides vary by eight 


‘ 2 ; ‘ 
orders of magnitude, | ) a realistic set of standards should 


take into account which isotope is being transported. 

For this reason each radioisotope is classified, for trans- 
port purposes, into one of seven transport groups, labeled 
by Roman numerals I through VII according to their relative 
toxicity and potential hazard. A list of the radionuclides 


and their respective transport groups is found in 10 CFR 7l, 


Appendix C (Appendix D-1, this document), and in 49 CFR 173.390. 


Radioisotope quantities in each transport group are 
classified in order of increasing quantity, as "exempt," 
"Type A," "Type B," and “large quantity." The reason for 
this classification will become apparent in the next section. 
The limits for these quantity groupings are shown in Table 
II-l. 


Certain physical forms of a radioactive material of any 
of the seven transport groups are classified as "special 
form" and are subject to the quantity limits shown in Table 


II-1 under "Special Form." A special form material is 
essentially non-dispersible in water or in a fire. The 
complete definition is found in 10 CFR 71.4(0o) (See Appendix 


D-1, this document) and in 49 CFR 173.389. 


Any radioactive material which does not qualify as a 
special form material is considered "normal form" and is 
categorized according to its transport group. While a 


special form material could, in the event of a severe 


TABLE II-1 
QUANTITY LIMITS FOR THE SEVEN TRANSPORT GROUPS AND SPECIAL FORM 


Exempt Type A Type B Large 
Transport Quantity* Quantity** Quantity Quantity** 
__ Group (Curies) (Curies) (Curies) ** (Curies) 
a & “= oo =” 
I <10 > 310°" to 107° 107? to 20 >20 
-4 -4 -2 -2 A 
1 <10 >10 to: 5 x 10 +S '% 26 to 20 >20 
III <107? >107° to 3 >3 to 200 >200 
Iv <1073 >1077 to 20 >20 to 200 >200 
_ v <10°° >107? to 20 >20 to 5000 >5000 
an 
o VI <107? >107? to 10° >10? to 5 x 107 >5 x 104 
VII <25 >25 to 10° >10? to 5 x 107 >5 x 107 
Special Form <107? >107° to 20 P20 SS. = 10° >5000 


"49 ‘CER L773, 391 
**10 CFR 71.4 and 49 CFR 173,389. 


Note: The regulations actually prescribe only the upper limits for Exempt, Type A, and 
Type B quantities. The symbol < means "less than or equal to," and > means 
"greater than." 


accident, present an exposure hazard, it is apparent from 
its definition that the chance of any significant amount of 

the coutents being released into the air, groundwater, etc. 

and being ingested by a human is extremely remote, Examples 
of special form materials are radiography sources and un- 


irradiated reactor fuel rods. 


i Type A Package 


In order to be qualified for transport, all packaging 
used to contain radioactive material must meet the general 
requirements of 49 CFR 173.393. These requirements state, 
among other things, that the packaging must be adequate to 
prevent loss or dispersal of the radioactive contents and 
Maintain the radiation shielding properties for the normal 
conditions encountered during transport. The contents of 


49 CFR 173.393 are given in Appendix D-2. Tests to simulate 


normal transport conditions are outlined in 49 CFR 173.398 (b) 


and in 10 CFR 71, Appendix A (see Appendix D-1). 


The seven transport groupings and the Type A quantity 
limits have their origin in the IAEA regulations. The Type A 
limits were determined essentially in the following war, (1) 
It was recognized that the chance of a rail accident of such 
severity as to cause complete loss of the package contents 
was very small. Experimental work had indicated that a 
release of 0.1 percent of the package contents would be a 
reasonable assumption for the vast majority of possible 
accidents. Furthermore, on the basis of general handling 
experience, it was assumed the actual intake of radioactive 
material into the body by a person coming into contact with 


air or surfaces contaminated by such a release was unlikely 


to exeed 0.1 percent of the amount released from the 
package. Thus, it would be unlikely for any one person 
to ingest more than one-millionth of the actual package 
contents in the event of an accidental release. There- 
fore, the Type A p.ckage limits were established on the 
bases that neither: 


. of the maximum allowed package 


an intake of 10. 
contents would result in a radiation dose to any 
organ in the body exceeding internationally 
accepted limits, assuming a 50-year life 


expectancy after the intake; nor 


the external radiation from the unshielded con- 


tents would exceed 1 rem/hour at 10 feet. 


In 49 CFR 178 there are descriptions of various DOT 
approved containers for Type A packaging including carboys, 
fiberboard boxes, steel drums, etc., which may be used 
without s ‘ific regulatory approval. However, in a recent 


(3) 


rule making, the DOT eliminated the various "hardware 
oriented" specifications for the Type A package containers 
listed in 49 CFR 173.394 (special form) and 49 CFR 173.395 
(normal form) and ruled that each Type A package presented 
for shipment must be certified according to the Type A 


"Specification 7A" design. The requirements for this design 


are specified in 49 CFR 178.350. Such certification requires 


a supporting safety analysis. The use of existing 
"Specification 55" (49 CFR 178.250) containers is also 
authorized for Type A shipments, but the construction of 
additional Specfication 55 containers after March 31, 1975 
has been prohibited. Foreign-made packagings properly 
labeled as "Type A" are also acceptable by the DOT for use 
in domestic transport (cf., 49 CFR 173.394(a) (7) and 
173.395 (a) (8)). 


Type u Large Quantity Packaging 


Quantities of radioactive material greater than the 
Type A limits can be transported only in Type B packaging. 
Type B packaging is considerably more accident resistant 
than Type A because it is designed to tougher standards. 
In addition to meeting the standards for a Type A package, 
a Type B package must also be able to survive certain 
hypothetical accident conditions with essentially no loss 
of containment and limited loss of shielding capability. 
The NRC packaging standards are given in Subpart C of 10 CFR 71, 
and the tests to simulate accident conditions are found in 
10 CFR 71, Appendix B. A Type B packaging design requires 
the approval of the NRC before it can be used for shipping 


radioactive material. 


The Type B quantity limits are to a certain extent 


somewhat artificial in that the regulations permit shipments 


of quantities greater than these limits as "large quantity" 


shipments in Type B containers. Like the Type A limits, 
they have their origin in the IAEA regulations, but they 


were chosen primarily on the grounds that: 


1. they appeared to cover a transport need that 
existed at the time, and 


safe dissipation of heat was not expected to present 
a significant problem, ‘?) 


The types of packaging acceptable to DOT for Type B 
quantities, listed in 49 CFR 173.394 and 49 CFR 173.395, 


are summarized in Table II-2 which includes the HM-111l 


(3) 


rule changes, They differ for special form and for 
normal form material. Special form materials may be 
shipped in existing Specification 55 (49 CFR 178.250) 
metal encased shielded containers, Specification 6M 

(49 CFR 178.104) metal packagings, or any other Type B 
packaging approved by NRC per 10 CFR 71. In addition, 
containers meeting the requirements of Specification 7A 
(49 CFR 178.350) or an existing Specification 55 container 
can be equipped with a Specification 20WC (49 CFR 178.194) 
wooden outer protective jacket; or a Specification 2R 

(49 CFR 178.34) or an existing Specification 55 container 
can be jacketed with a Specification 21WC (49 CFR 178.195) 
wooden-steel protection overpack to meet the requirements 
for Type B shipments. A Specification 55 container, used 
without a protective overpack, is limited to a maximum of 


300 curies. 


Solid or gaseous normal form materials may be trans~- 


ported in a Specification 6M container, provided they will 


not decompose at temperatures up to 250° F. A Specification 


2R or existing Specification 55 inner container used with 

a Specification 20 WC wooden outer protective jacket, or 

any other Type B packaging approved by NRC per LO CFR Fis 

may be used to ship Type B quantities of radioe =tive 

material in normal form. If the material is in liquid 

form, then the requirements of 49 CFR 173.393(g) must also 

be met for the inner package. For either normal form or 
special form materials, any Type B packaging meeting the 

1967 IAEA regulations for which a foreign competent authority 
certificate has been revalidated by the DOT may be used. 


Certain types of sources, particularly irradiated 
reactor fuel elements, irradiator and teletherapy sources, 
and most plutonium shipments contain quantities of radio- 


active materials in excess of the Type B limits. Packaging 


LESE2 


TABLE II-2 


Type B Packaging Permitted by DOT 
for Transport by 49 CFR 173.394 and 49 CFR 173.395 


Special Form 


Spec 55 (300 Ci Max.) 
(49 CFR 178.250) 


Spec 6M (49 CFR 178.104) 


NRC (AEC) approved per 
10 CER 72. 


Type B packaging meeting 
1967 IAEA regulations for 
which foreign competent 
authority certificate has 
been revalidated by DOT. 


Spec 20 WC (19 CFR 178.194) 
outer jacket with snug-fitting 
Spec 7A (49 CFR 178.350) or 
existing S,2c 55 inner con- 
tainer. 


Spec 21 WC overpack with 
single inner Spec 2R 

(49 CFR 178.34) or existing 
Spec 55 inner package 
securely positioned and 
centered, 


Normal Form 


Spec 6M (for solid or 
gas only which does not 
decompose up to 250° F). 


NRC (AEC) approved per 
1G CER 7i. 


Type B packaging meeting 
1967 IAEA regulations 
for which foreign 
competent authority 
certificate has been 
revalidated by DOT. 


Spec 20 WC jacket with 
snug-fitting inner 
Spec 2R or existing 

xec 55 inner package. 
For liquid, 173.393 (9g) 
must also be met for 
the inner package. 


for large sources is subject to the requirements for Type B 
packaging plus additional requirements related primarily 

to decay heat dissipation (49 CFR 173.393(e)). The DOT 
requirements in 49 CFR 173.395(c) for large quantities of 


nornal form material are as follows: 


(c) Large quantities of radioactive materials 
in normal form must be packaged as follows: 

(1) Specification 6M (8178.104 of this chapter) 
metal packaging. Authorized only for solid or 
gaseous radioactive materials which_will not 
decompose at temperatures up to 250 F. Radio- 
active thermal decay energy must not exceed 

10 watts. 

(2) Any other Type B packaging for large 
quantities of rad‘oactive materials which meets 
the pertinent requirements in the regulations 
of the U.S. Atomic Energy Commission (10 CFR 71) 
ed is approved by the U.S. Atomic Energy 
Commission. 

(3) Any other Type B packaging which meets the 
pertinent requirements for large quantities of 
radioactive materials in the 1967 regulations 
of the International Atomic Energy Agency, and 
for which the foreign competent authority 
certificate has been revalidated by the 
Department. 


The requirements for large quantities of special form 
material wre found in 49 CFR 173.394(c), and are substan- 


tially the same as for normal form except that, for special 


form, prov .sion is also made for the use of existing 


Specification 55 containers with a 20WC overpack: 


(4) Specifications 20WC (§178.194 of this sub- 
chapter) wooden outer protective jacket, with 

a single, snug-fitting specification 55 inner 
packaging. Only use of existing specification 55 
container authorized; construction not authorized 
after March 31, 1975. Radioactive thermal decay 
energy must not exceed 100 watts 


Se Exempt Items and Exempt Quantities 
Certain small quantities of radioactive materials .re 
exempt from specification packaging, marking, and labeling 


requirements, and from the general packaging requirements 
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of 49 CFR 173.393 as are certain manufactured articles, 

such as clocks and electronic tubes, containing radioactive 
materials in a non-dispersible form, These exemptions are 
covered in 49 CFR 173.391, which is included in Appendix D-3 
of this document. The exempt quantity limits and the max- 
imum allowable radioactivity content for exempt manufactured 
articles for the seven transport groups and for special form 
are given in Table II-3. The exempt quantity limits are 
also given in Table II-l1. These limits were chosen in 

such a way that the release of even 100 percent of the 
contents in an accident would still represent a very low 
potential hazard as a result of intake to the body. 


Low Specific Activity Materials 


To meet the need for safe, bulk transportation of radio- 
active ores and slag »~ residues in processing, the D’T 
regulations in 49 CFR 173.392 provide exemptions fror the 
requirements of 49 CFR 173.393 (a) through (e) and (g) in 
the case of so-called “low specific activity" (LSA) materials. 
However, LSA materials must be packed in accordance with the 
requirements of 49 CFR 173.395 and must be marked and labeled 
as required in 49 CFR 173.401 and 173.492. The contents 
of 49 CFR 173.392 are given in Appendix D-4 of this document. 
LSA materials are defined in 10 CFR 71.4(g) (see Appendix 
D-1, this document) and include uranium and thorium ores, 
ore concentrates, materials not exceeding the specific 


activity limits in Table II-3, certain contaminated non- 


radioactive materials, certain solutions of tritium oxide, 


unirradiated ..tural or depleted uranium, and unirradiated 
natural thorium. In defining the activity limits for LSA 
materials, the IAEA introduced the concept that, from a 
radictoxicity point of view, LSA materials should be 
"inherently safe"; i.e. it is inconceivable that, under 
any circumstances arising in transport, a person could 
ingest enough material to give rise to a significant 


(1) 


radiation hazard.‘ Thus, for LSA materials, it is the 
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Tz 


Spec 
y23° 


(a) 


(b) 


TABLE II-3 


LIMITS FOR EXEMPT QUANTITIES, LSA MATERIALS, AND MANUFACTURED ARTICLES 


Small or Maximum Radioactivity 
ansport Exempt Quantity LSA Materials Content for Manufactured 
Group Limit (mCi) (a) Limits (mCi/gm) b) Articles (Curies) (a) 

Per Device Per Package 
I OL .0001 .0001 -001 
a ap Fag ~005 OCs 05 
i us 0.3 -O1 3 
IV 2 Ces so5 3 
V 1 1 1 
VI J 1 .. 
VII 25000 25 200 
ial Form 1 -95 20 
content 15 grams 
49 CFR 173.391 - exempt from specification packaging, marking, and labeling require- 
ments and from the general packaging requirements of 49 CFR 173.393. 
10 CFR 71.4 (g) and 49 CFR 173.392 - for material in which activity is uniformly 


distributed; exempt from 49 CFR 173.393 (a) through (e) and (g), but must be packed 


in accordance with the requirements of 49 CFR 173.395 and must be marked and 
labeled as required in 49 CFR 173.401 and 173.492. 


D. 


limited activity of the material itself rather than the 
packaging which permits shipments to meet the basic safety 
requirements. Nevertheless, both NRC and DOT place pack- 
aging requirements on shipments of LSA materials which are 


nct transported on sole-use vehicles. 


Radiation Control - The Transport Index 


The second safety requirement which must be met when 
transporting radioactive material is the provision for 
adequate control of the radiation emitted from the material. 
This radiation is only partially absorbed by the containment 
system; in many cases some would pass through the packaging 
and would expose freight handlers and others who come into 
close proximity with the package if additional shielding 
were not placed around the material. In order to meet the 
radiation control limits, the shipper must provide the 
necessary shielding to reduce the external radiation level > 
to within the allowable limits, The regulations prescribe 
limits which are choser to protect not only persons but 
also animals and film. In fact, the radiation control 
surface dose rate limit of 0.5 mrem/hour for packages 


requiring no control was chosen to prevent fogging of 


sensitive x-ray film which might be transported in close 


proximity to the package containing the radioactive material 
Over a 24-hour period. 


For purposes of radiation control, packages of radio- 
active material are placed in one of three categories. 
Packages designated as "Category I - White" (they display 
a white label) may be transported with no special handling 
or segregation from other packages and must be within the 
0.5 mrem/hour surface dose rate limit. If a transport worker 
were to handle such packages close to his body for 30 


minutes per week he would receive an average dose rate of 


10 mrem/year, whicn is a factor of 10 less than the average 


dose rate (100 mrem/year) received by an individual from 
natural background radiation. The regulations 
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(cf 49 CFR 173.393(c)) also prescribe a minimum package 
dimension of 10 cm (4 inches) so that a handler cannot 
put the package in his pocket. The 0.5 mrem/hour surface 


dose rate limit also applies to "exempt" packages. 


Packages designated as "Category III - Yellow" can 


have a surface dose rate no greater than 200 mrem/hour and 


a dose rate at 3 ft from any external surface no greater 
than 10 mrem/hour, with the latter criterion controlling 
for larger packages. This limit was chosen to prevent 
fogging of undeveloped x-ray film during a 24-hour period 
with a 15-ft separation, 15 ft being chosen as the U.S. 
Railway Express Company's 1947 conventional separation 
distance between parcels containing radium and parcels 
containing undeveloped x-ray film. A package giving 10 
mrem/hour at 1 meter produces 11.5 mrem in 24 hours at 
15 ét. ') 


chosen on the basis that a transport worker carrying such 


The 200 mrem/hour surface dose rate limit was 


packages held against his body for 30 minutes per day 
would not receive a dose exceeding 100 mrem/8-hour working 
day, considered as acceptable in 1947. The permissible 
dose rate for male adult workers has since been revised 
downward to 6 mrem/8-hour working day. Thus, the 200 mrem/ 
hour surface dose rate limit is acceptable only if the 
hardling time is such that individual doses do not exceed 
the currently accepted limit of 500 mrem/year, '4) 

An intermediate package category, "Category II - Yellow" 
includes packages with a surface dose rate not exceeding 
10 mrem/hour and a dose rate at 3 feet from any external 
surface not exceeding 0.5 mrem/hour. Such packages require 
special handling but do not presene the potential hazard 
that a Category III package presents. If a highway or rail 
vehicle carries a Category III package, it must be placarded. 
A summary of the dose rate limits for each package category 


is given in Table II-4. 


TABLE II-4 


PACKAGE DOSE RATE LIMITS 


Maximum Allowed Dose Rate (mrem/hr) * 


Category Package Surface 3 Ft from Surface (TT) 


I - White 
II - Yellow 


III - Yellow 


*49 CFR 173.3931) 


Since a number of packages of radioactive material are 
often loaded onto a single transport vehicle which may 
also carry passengers (e.g. a passenger aircraft), a simple 
system had to be devised to enable transport workers to 
quickly determine how many packages could be loaded and 
how to segregate them from passengers and film. For this 
purpose the "transport index" or "TI" was devised. For 
nonfissile materials, the transport index is defined as 
the highest radiation dose rate in mrem/hour at three feet 


from any accessible external surface of the package, with 


the number expressing it rounded up to the next highest 
tenth (cf 49 CFR 173.389(i)(1)). For example, if the 


highest measured dose rate at 3 feet were 2.61 mrem/hour, 


the transport index for that package would be 2.7. From 

Table II-4 it would appear that no package with a TI 

greater than 10 may be transported. However, the regula- 
tions (cf 49 CFR 173.393 (j)) do provide for transport of 
packages with dose rates exceeding those in Table II-4 in 

a transport vehicle (except aircraft) which has been consigned 
as sole use provided the following dose limits are not 


exceeded: 


(1) 1,000 millirem per hour at 3 feet from 
the external surface of the package (closed 
transport vehicle only); 

(2) 2C0 millirem per hour at any point on 
the external surface of the car or vehicle 
(closed transport vehicle only); 

(3) Ten millirem per hour at any point 2 
meters (six feet) from the vertical planes 
projected by the outer lateral surface of 
the car or vehicle; or if the load is trans- 
ported in an open transport vehicle, at any 
point 2 meters (six feet) from the vertical 
planes projected from the outer edges of 
the vehicle. 

(4) 2 millirem per hour in any normally 
occupied position in the car or vehicle, 
except that this provision does not apply 
to private motor carriers. 


When more than one package of radioactive material is 


loaded onto a transport vehicle, a total transport index 


LE=20 


for the shipment is obtained by si ming the TI's for each 
individual package. The total TI for packages loaded 
onto a single transport vehicle may not exceed 50 

(cf 49 CFR 177.842(a), 49 CFR 174.586(h), and 14 CFR 103.19(b)). 
There are two exceptions to this rule. One is for vehicles 
(other than aircraft) consigned for sole use (49 CFR 1734393 (3) 
The other is for transport by ship; in this case a total of 
200 TI is permitted with the packages placed in single 
groups each having a total TI not greater than 50, and each 


such group located at least 20 feet from any other group 


(46 CFR 146.19-35). At least two cargo airlines are presently 


operating under special DOT permit to carry 200 TI, but 

all other aircraft are limited to 50. The regulations also 
provide tables of safe distances which must be maintained 
between stowed packages of radioactive material and persons 
or undeveloped film for various times of transport 

(cf 46 CFR 146.19-35 for ship, 14 CFR 103.23 for aircraft, 
49 CFR 174.586(h) for rail freight, 49 CFR 177.842(b) for 
truck and other common, contract, or private carriers by 
public highway). It will be noticed from Table II-4 that 
these requirements apply only to Categories II - and III- 
Yellow packages. Category I packages are not assigned a 


transport index. 


All packages are expected to retain their shielding 
effectiveness during normal transport conditions. The 
external dose rate, or TI, measured by the shipper and 
written on the package label must not increase during 
transport, e.g. due to faulty shielding. After being 
subjected to hypothetical accident conditions, any reduction 
of shielding caused by damage to a Type B package must 
not be sufficient to increase the external dose rate to 
more than 1000 mrem per hour at three feet from the ex- 
ternal surface of the package (cf 10 CFR 71.36(a) (1). 


E. 


Special Considerations for Fissile Material 


The fourth basic safety requirement for transporting 
radioactive materials is the prevention of nuclear 
criticality for fissile materials. These are defined in 
10 CFR 71.4(e) as uranium-233, uranium-235, plutonium-238, 
plutonium-239, and plutonium-241. The criticality standards 
for fissile material packages are found in 10 CFR 71.33 which 
states, in 2ffect, that a package used for the shipment of 
fissile material is to be so designed and constructed and 
the contents so limited that it would be sub-critical if 
water were to lea’ into the package or if any liquid 


contents of the package were to leak out. 


An assembly of a sufficient number of certain types 
of packages of fissile material, even though each package 
is subcritical, could conceiveably be grouped in such a 
way that the assembly becomes critical. The number of 
such packages which may be transported together depends 
upon the package design and contents. There are, however, 
some quantities, forms, or concentrations of fissile 
nuclides which cannot be made critical under any credible 
transport conditions. These are specified in 10 CFR 71.9 
and are exempted from the special requirements for fissile 
material shipments. They include, for example, packages 
containing natural thorium and uranium or less than 15 


grams of fissile material. 


For shipments of fissile materials which do not qualify 
for exemption the regulations prescribe three package 
classes calicd Fissile Class I, II, and III. Fissile 


Class I packages are considered safe from nuclear 


criticality by virtue of the package design and may there- 
fore be transported in unlimited numbers and in any arrange- 
ment so long as the total radiation transport index limit 

is not exceeded. Such packaging must be so designed that 

it is a net absorber of neutrons in both normal and 

accident environments. The specific standards for Fissile 


Class I packages are given in 10 CFR 71.38. 


Fissile Class II packages are those which, ina 


limited number, are considered to preclude criticality in 


any arrangement and for all foreseeable circumstances of 
transport. For purposes of nuclear criticality safety 
control, a special fissile transport index is assigned to 


such packages as follows: 


fissile TI = 50/N 


where N is the number of similar packages which may be 
transported together as determined under the limitations of 
10 CFR 71.39(a). This transport index cannot be less than 
0.1 nor more than 10. Thus, a shipment of N packages would 
not result in an aggregate transport index greater than 50. 
The actual transport index assigned to any fissile material 
package is always the greater of the fissile TI and the 
radiation TI determined from the radiation level at three 
feet from the package surface (cf 49 CFR 173.389 (i)). 
Aside from limiting the number of packages per shipment, 
Fissile Class II packages (like Class I) require no nuclear 


criticality safety control by the shipper, 


‘ 


Fissile Class III includes all p.ckages of nonexempt 
fissile material not complying with the requirements of 
either Class I or Class II packages. Fissile Class III 
packages are those considered to oreclude criticality 
under all foreseeable circumsta.ices of transport by reason 
of special precautions or special administrative or 
operational controls imposed upon the transpore of the 
consignment. ‘+? Special arrangements between the shipper 
and the carrier are required to provide nuclear criticality 
safety. The specific standards for such shipments are 
given in 10 CFR 71.40. International shipments of Fissile 
Class III packages require multilateral competent authority 


(1) 


approval. 


Because of its toxicity, there are special 


requirements imposed on shipments of plutonium. There is 
currently a ban on shipments of plutonium in uncertified 
packagings by aircraft. ‘°) The requirements of 10 CFR 71.42 
apply to piutonium shipments after June 17, 1978, and stipu- 
late that plutonium in excess of 20 curies per package must 
be shipped as a solid and must be packaged in a separate 
inner container. Exempted from this requirement is solid 
plutonium in the form of reactor fuel elements, metal, 


and metal alloy. 


The DOT packaging requirements for shipment ef fissile 
materials are given in 49 CFR 173.396. This section speci- 
fies certain existing approved packagings for fissile 
materials and the authorized contents for each. Any new 
packaging design which is approved by NRC is automatically 
approved by DOT for fissile material shipments. Since 
fissile material quantities are usually given in grams or 

wee kilograms, one cannot use Table II-l directly to determine 
into which quantity classification a given amount of a 
articular fissile isotope falls. The quantity limits in 
grams for Type A and Type B packages of some of the more 


re important fissile materials are listed in Table II-5. 
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TABLE II-5 


TYPE A AND TYPE B QUANTITY LIMITS IN GRAMS FOR CERTAIN FISSILE MATERIALS 


Specific Activity* Transport Maximum Content (grams) ** 

E.ement ____—s (Ci fgm) Group _ Type A Type B 
Uranium (93% enriched in U-235) J20 % 10°> III 4.3 x 104 20 2 10° 
Uranium (40% enriched in U-235) 2.08 x 10> III 1.44% 20° 9,62 % 10° 
Uranium (depleted - 0.2% U-235) 4.38 x 10°” III 6.85 x 10° 4.57 x 10° 
Uranium (normal - .711% U-235) 6.85. x se"’ III 4.38 x2 20 25928 108 
U-233 9,48 x 10° 
Pu-238 17.4 I $.75 x 10°" 0.119 
Pu-239 6.10% 10" I 1,63 x 20° ° 32.6 
Pu-240 0,22 I 4.42 x 10> 8.85 
Pu-241 + daughters 112 I 8.93 x 107° 1.79 x 107° 
Pu-242 3.9 x 107° i 2.56% 107 5.12 x 10° 
am-241 + Np-237 3.24 I 3.09 x 10°4 0.617 
Am-243 + daughters 1.85 x 10+ I 5.40 x 1072 1.08 x 10+ 
Cf-252 536 I 1.45 220° 3.2820" 
*Los Alamos Scientific Laboratory Handbook of Radiation Monitoring - 1970 Edition 


**Greater quantities must be shipped in packages approved for large 


quantities. 


These were calculated from the data from Table II-1 and the 
respective specific activities, taking into account the 
transport group assigned to each isotope, It is apparent 
from the table that a package containing, for example, only 
35 grams of Pu-239 would be classified as a "large quantity", 
i.e. greater than the Type B limit, whereas a package 
containing 100 Kg of 40 percent enriched uranium would be 


classified as a Type A quantity. 


Procedures to be Followed by the Receiver 


The standards discussed so far have been applicable 
to the shipper of radioisotopes and pertain primarily to 
packaging of the material in such a way that the transport 
occurs safely. The NRC standards of 10 CFR 20.205 outline 
the procedures for picking up, receiving, and opening the 
packages and apply to the licensee who is to receive the 
package. This section of the regulations is included in 
this document as Appendix D-5. These standards point out 


the responsibility of the receiver to: 


Make arrangements with the carrier to receive 
the package or to receive notification of the 
arrival of the package at the carrier's terminal 
(in whith case he is to pick up the package 
expeditiously from the terminal). 

Monitor the external surfaces of the package for 
radioactive contamination caused by possible 
leakage of the radioactive contents and monitor 
the radiation levels on and at three feet from 
the external package surfaces. This monitoring 
must be performed no later than three hours after 
receipt of the package if received during normal 
working hours, and in any case, within eighteen 


hours. 


Notify, by telephone and telegraph, both the final 
delivering carrier and the appropriate NRC 
Inspection and Enforcement Regional Office if the 
monitoring reveals either: 

a. removable radioactive contamination in excess 
of 0.01 microcuries per 100 square centimeters 
of package surface, 
radiation levels on the external package sur- 
face in excess of 200 millirem per hour, 
radiation levels at three feet from an external 
package surface in excess of 10 millirem per hour. 

Establish and maintain procedures for safely 

opening packages in which licensed material is 

received, to assure that those procedures are 
followed giving due consideration to special 
instructions fur the typ~ of package being opened. 

Exemption from the requirements for monitoring 

external surfaces for contamination are provided 

in 10 CFR 2%.205(b) for special form materials 


and gases, Type A packages containing only 


radioactive material in other than liquid form, 


packages containing only radionuclides with half- 
lives of less than 30 days and a total quantity 
of no more than 100 millicuries, all packages 
containing only exempt quantities, and packages 
containing no more than 10 millicuries of radio- 
active material consisting solely of tritium, 


carbon-14, sulfur-35, or iodine-125. 


Labeling of Packages 


Each package containing greater than exempt quantities 
of radioactive material must be labeled on two opposite 
sides (cf 49 CFR 173.402(a) (10)) with one of three warning 
labels described in 49 CFR 173.416. The labeling require- 
ments are jiven in 49 CFR 173.399, '173.401 and '173.402. 


It-27 


All three label types contain the distinctive trefoil 


symbol and either one, two, or three vertical stripes. 


The one-striped label has a white background and is placed 


on a Category I - White package. A label with a bright 
yellow upper half and a white lower half is marked with 
either two or three vertical stripes and indicates a 
significant radiation level outside the package. The 
two-stripe label is placed on a Category II - Yellow package 
and the three-stripe label on a Category III - Yellow 
package. The radioactive White - I label may not be used 
for Fissile Class II packages (cf 49 CFR 173.399(a)(1)). 
Each Fissile Class III package, each package containing a 
"large quantity" of radioactive material, and certain types 
of packages must bear a Radioactive - Yellow III label 

(‘49 CFR 173.399(a)(2)). The label must Show the isotope 
contained in the package, the number of curies, and the 
transport index (except for the White - I label). In 
addition, each package weighing more than 50 Kg (110 pounds) 
must have its gross weight marked on the outside of the 
package (49 CFR 173.401(f£)(1)). Type A or Type B packaging 
must be plainly marked with the words "Type A" or "Type 1 te 
respectively. Packages destined for expo = shipment must 
also be marked "USA" (49 CFR 173.401(f) (2)). 


Requirements Pertaining to the Carrier - Vehicle 
Placarding and Stowage 


The DOT imposes certain regulations upon the carrier 
for radioactive materials transport. These include 
vehicle placarding, examination of shipper certification 
papers and packages for pr per marking and labeling, 

2@ d proper loading and stowage of the packages aboard the 
t.ansport vehicle. Appropriate placards must be displayed 
on the front and rear and on each side of rail or highway 
vehicles carrying packages bearing the Radioactive: Yellow- 
III label. The regulations regarding placarding are given 
in 49 CFR 174.541 and '177.823. 
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In addition to placarding his vehicie as required, 
the carrier has the responsibility of insuring that the 


articles offered for transport have been certified by the 


shipper to be properly classified, described, packaged, 


marked, labeled, and in proper condition for transportation. 
For normal form materials, the shipping papers must include 
the transport group or groups of the radionuclides, the 
names of the radionuclides in the material, and a descrip- 
tion of their physical and chemical form, For all radio- 
active material the activity of the material in curies and 
the type of radioactive label applied must also be listed. 
In addition, for fissile materials, the fissile class must 
be given with an additional warning statement as described 
in 49 CPR 173.427: 


For shipments by aircraft, the operator of the aircraft 
(e.g. an airline official) must inform the pilot in command 
of the name, classification, and location of the radio- 
active material on the aircraft per 14 CFR 103.25. In 
addition, for passenger-carrying aircraft there must be 
a clear and visible statement accompanying the shipmerit, 
signed or stamped by the shipper or his agent, stating that 
the shipment contains radioactive materials intended for 
use in, or incident to, research, or medical diagnosis and 
medical treatment (14 CFR 103.3(e)). 


The carrier is also required to make sure that the 
maximum allowable TI is not exceeded and that the packages 
are not transported or stored in groups having a total TI 
greater than 50. He must also assure that such groups of 
yellow-labeled packages are separated from areas continually 
occupied by persons, from film, and from shipments of animals. 
Further, he must assure that a fissile Class III package is 


not transperted on the sae vehicle with other fissile 


material and is segregated by at least 20 feet from other 
radioactive material packages in storage, The pertinent 
regulations are found in 49 CFR ‘74,586 and 177.842, 

46 CFR 146.19-35, and 14 CFR 103.23(a). 


Special requirements for stowage of packages of radio- 
active material bearing Radioactive-Yellow-II or Yellow-III 
labels aboard aircraft are given in 14 CFR 103.23. For 
an aircraft loaded with the maximum allowable radioactive 
package load of 50 TI, a minimum distance of 7 feet must 
be maintained between the package and a space continuously 
occupied by people. In practice radioactive packages are 
usually placed as far to the rear of the aft cargo hold 


as possible in a passenger aircraft. 


Reporting of Incidents and Suspected Contamination 


If death, injury, fire, breakage, spillage, or sus- 
pected radioactive contamination occur as a direct result 
of hazardous materials transportation the regulations 
(49 CFR 171.15) require immediate notification of the 
DOT, and the carrier must submit within 15 days of the date 
of discovery a “detailed hazardous materials incident report" 
(49 CFR 171.16). In addition, he must notify the shipper 
(49 CFR 174.588). The vehicles, buildings, areas, or 
equipment in which a spillage of radioactive materials 
has occurred may not be used again until the radiation 
dose rate at any accessible surface is less than 0.5 
mrem/hr., and there is no significant removable surface 
contamination (49 CFR Part 174.588(c) (1)). These pro- 
cedures are essentially the same for all modes (14 CFR 
103.23(b); 49 CFR 177.861(a); and 46 CFR 146.02-35). The 
carrier can obtain technical assistance in radiation 
nonitoring following ai incident or accident by calling 
one of the ERDA or NKC Regional Offices for Radiological 


Assistance. 


The level above which removable radioactive contami- 
nation is considered "significant" depends upon the contami- 


nating nuclide and is specified in 49 CFR 173.397(a). This 


section also prescribes a method for assessing the surface 
contamination of a package. For radioactive material 
packages consigned for shipment on exclusive use vehicles 

(49 CFR 173.389(0)), the "significant" levels of surface con- 
tamination is 10 times as great as for packages transported 
on non-exclusive use vehicles (49 CFR 173.397(b)). Exclusive 
use transport vehicles must be surveyed with appropriate 
radiation detection instruments after each use and may 


not be returned to service until the radiation dose rac2 


ut any accessible surface is 0.5 miilirem per hour or less, 


and there is no significant removable radioactive surface 


contamination (49 CFR 173.397(c)). 


Reguirements for Safeguarding of Certain Special Nuclear 


Material 


Certain strategic quantities anc types of special 
nuclear material (SNM) require physical protection both 
at fixed sites and during transit against theft and 
sabotage because of their potential use in a nuclear 
explosive device. The NRC standards for physical 
protection of materials while in transit are found in 
10 CFK 73.30 - 10 CFR 73.36. They apply to any person 
licensed pursuant to the regulations in 10 CFR 70 who 
imports, exports, transports, delivers to a carrier for 
transport in a single shipment, or takes delivery of a 
single shipment free on board at the point where it is 
delivered to a carrier, any one of the following: 

(10 CFR 73.1(b) (2), (3)). 


5000 gm or more of U-235 contained in uranium 


enriched in the U-235 isotope to 20 percent or more 


2000 gm or more of U-233 
2000 gm or more of plutonium 
Any combination of these materials in the ount 


of 5000 grams or more computed by the formula: 


grams = (grams contained U-235) 


+ 2.5 (grams U-233 + grams plutonium). 


The standards also apply to air shipments of SNM in quan- 


tities exceeding: 
ue 20 grams or 20 curies (whichever is less) of 
plutonium or uranium-233, or 
350 grams of uranium-235 (contained in uranium 
enriched to 20 percent or more in the U-235 


isotope). 


Quantities and types of SNM which require safeguarding are 
referred to as "strategic special nuclear material," or 
"SSNM",. A licensee is exempt from these requirements 


for shipments of (cf 10 CFR 73.6): 


1. Uranium enriched to less than 20 percent in the 
U-235 isotope, 
SNM which is not readily separable from other 
radioactive material and which has a total external 
radiation dose rate in excess of 100 rem per 
hour at a distance of three feet from any accessible 
surface without intervening shielding (e.g. 
irradiated fuel), and 
SNM in a quantity not exceeding 350 grams of 
uranium-235, uranium-233, plutonium, or a combi- 
nation thereof, possessed in any analytical 
research, quality control, metallurgical or elec- 


tronic laboratory. 


The general requirements for physical protection of 


SSNM while in transit are found in 10 CFR 73.30 (included 


in Appendix D-4 of this document) and are concerned with the 
following: 


The necessity for the shipper to make prior 
arrangements with the carrier for physical protec- 
tion of the SSNM, including exchange of hand-to- 
hand receipts at origin, destination, and transfer 
points. 

The minimizing of transit time and avoidance of 
areas of natural disaster or civil disorder (does 
not apply to the air shipments described earlier). 
The required use of tamper-indicating type seals 
and locking of containers for specified contents. 
No container weighing 500 pounds or less can be 
shipped in open trucks, railroad flat cars, or box 
cars and ships. 

The use and qualifications of guards. 

The outlining of procedures to be followed by the 
licensee. 

The provision for approval of special procedures 


not found in the standards. 


Specific standards for safeguarding shipments of SSNM 
by road are given in 10 CFR 73.31. The basic requirements 


of this paragraph are as follows: 


1. No scheduled intermediate stops are allowed. 

2. Vehicles used to transport SSNM are to be equipped 
with radiotelephones, and contact with the licensee 
or agent is to be made, in most cases, every two 
hours. 

Two people are to accompany the shipment in the 


vehicle containing the shipment. In addition, 


II-33 


either an armed escort consisting of at least 

two guards in a separate vehicle shall accompany 
the shipment (in this case only one driver is 
required in the vehicle containing the SSNM for 
shipments lasting less than one hour) or a 
specially designed truck or trailer which reduces 
the vulnerability to diversion shall be usec. 

The vehicles are to be marked on top with identify- 
ing letters, to permit identification in daylight 
and clear weather at 1000 feet above ground level, 


and also on the sides and rear of the vehicle. 


Standards for safeguarding shipments of SSNM by air 
are discussed in 10 CFR 73.32: 


I 


The 
guarding 


required 


Shipments by passenger aircraft* of plutonium or 
uranium-233 in quantities exceeding 20 curies or 
20 grams (whichever is less) or 350 grams of 
uranium-235 contained in uranium enriched to 20 
percent or more in the U-235 isotope must be 
specifically approved by the NRC. 

Transfers are to minimized. 

Export shipments are to be escorted by an unarmed 
authorized individual from the last terminal in 
the United States until the shipment is unloaded 


at a toreign terminal. 


regulations of 10 CFR 73.33 provide that, for safe- 
shipments by rail, an escort by two guards is 


(guards are, by definition, uniformed and armed - 


see 10 CFR 73.2(c)). They ride either in the shipment car 


or an escort car from which they can keep the shipment car 


under observation. Radiotelephone contact with the licensee 


or his agent is to be made at specific intervals. 


*Note that 14 CFR 103 prohibits these shipments unless the 
materials are intended for medical or research use, and 
Public Law 94-79 prohibits NRC approval of shipments by 
air in uncertified packages of any licensed plutonium 
other than that contained in specified medic-l devices. 
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The regulations for safeguarding shipments of SSNM 


by sea given in 10 CFR 73.34 provide that: 


1. Shipments shall be made on vessels making minimum 
ports of call and with no scheduled transfers tc 
other ships. 

2. The shipment is to be placed in a secure compart- 
ment which is locked and sealed. 

3. Export shipments shall be escorted by an unarmed 
authorized individual from the last port in the 
United States until the shipment is unloaded at 
a foreign port. 

4. Ship-to-shore contact is to be made every 24 hours, 
and the information regarding position and status 
of the shipment is to be sent to the licensee or 
his agent who arranges for the protection of 


the shipment. 


The necessary transfers of SSNM during a shipment must 
be monitored by a guard. These monitoring procedures are 
outlined in 10 CFR 73.35: 


1. At a scheduled intermediate stop where the SSNM is 
not to be unloaded, the guard is to observe the 
opening of the cargo compartment, maintaining 
continuous visual surveillance of it until the 
vehicle departs. Then the guard must immediately 
notify the licensee or his agent of the latest 
status. 

2. At points where SSNM transfers occur, the guard 
is to keep the shipment under continuous visual 
surveillance, observe the opening of the cargo 
compartment for an incoming vehicle, and assure 
that the shipment is complete by checking locks 
and/or seals. Continuous visual surveillance is 
also to be maintained when the shipment is in 


the terminal or in storage. Immediately after a 
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vehicle carrying SSNM has departed, the guard 
must rotify the licensee or his agent of the 
latest status. 

The guard is to report immediately to the carrier 
and the licensee who arranged for the protection 
of the SSNM any deviations or attempted inter- 


ference, 


Finally, 10 CFR 73.36 contains miscellaneous safe- 
guarding requirements for licensees who ship, receive, 
export, or import SSNM. The basic features of these 


requirements are as follows: 


1. If a licensee agrees to take delivery of an £.0.b. 
shipment of SSNM, the licensee, rather than the 
shipper, arranges for the protection of the ship- 
ment while it is in transit. 

A licensee who imports SSNM must assure that the 
shipment is not diverted in transit between the 
first point of arrival in the United States and 
delivery to him. 

The licensee who delivers SSNM to a carrier for 
transport must, at the time of departure of the 
shipment, notify the consignee of the methods 

of transportation, the names of the carriers, and 
the estimated arrival time. The licensee must 
also arrange to be notified by the consignee 
immediately of the arrival of the shipment. 

The licensee who exports SSNM must comply with 
this regulation for « ansport to the first point 
outside the United States at which the shipment is 
removed from the vehicle. 

A licensee who receives a shipment of SSNM is 

tc notify the shipper immediately upon arrival of 
the shipment at its destination, 


If a shipment of SSNM is lost or unaccounted for 
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after the estimated arrival time, the licensee 


who arranged for safeguarding the shipment shall 


immediately conduct a trace investigation and file 


a report with the NRC as specified in 10 CFR 73.71. 


1. 
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CHAPTER III 


RADIOLOGICAL EFFECTS 


Radiation 


Radioactive nuclides undergo spontaneous decay resulting 
in the emission of radiation. The unstable nucleus emits a 
characteristic particle or radiation and is thereby trans- 
formed into either a completely different nucleus or a more 
Stable form of the same nucleus. The "daughter" nuclide 
which results from this emission may also be radioactive, 
depending on the relative stability achieved by the nucleus 


via radiation, 


The most important radiations from a 
radiological viewpoint are charged particles, neutrons, and 


electromagnetic radiaticns. 


Charged particles such as beta particles and alpha 
particles interact strongly with matter through Coulomb 
forces. These interactions rapidly diminish the energy of 
the charged particles and, therefore, limit their travel 
to small distances. A 5 MeV alpha particle, for example, 
will only travel 3.4 cm in air and .002 cm in biological- 


tissue. 


Electromagnetic radiation, such as x rays and gamma 
rays, interact with matter and thereby lose energy through 
processes such as the photelectric effect, Compton scattering, 
and pair production. Since these processes are less likely 
than the Coulomb interactions characteristic of charged 
particles, the range of electromagnetic radiation is much 
greater than that of alpha or beta particles of comparable 
energy. One MeV gamma radiation will travel 11 cm in 
biological tissue before half of its initial photons are 


absorbed. 


Neutrons are another form of penetrating radiation. 
Fast neutrons interact with matter primarily through 
scattering collisions with nuclei. For neutron energies 
near 1 MeV, one-half are absorbed after passage through 
10 cm of bio-tissue. "Thermal," or low-energy neutrons 
have a higher probability for absorption by matter. They 
are captured by some nuclei, a process often accompanied 


by subsequent radiation. 
Dose 


Radiation exposure may be measured in terms of its 
ionizing effect or in terms of the energy absorbed per unit 


mass of exposed material. 


Historically, radiation exposure for x and gamma 
radiation was measured in terms of "roentgens," 
where one roentgen equals the amount of radiation required 


to produce one electrostatic unit (esu) of charge from 


either part of an ion pair in l cm? of dry air. It can be 


shown that one roentgen is equivalent to energy deposition 


of 88 ergs in one gram of dry air. '*) 


A modern and more useful method for quantifying 
radiation interaction is in terms of the energy absorbed 
per unit mass. This “radiation absorbed dose" (rad) equals 


100 ergs/gm of absorbing material. 


Biological effects due to radiation exposure have been 
found to depend on the distribution of the energy deposition 
in tissue as well as the magnitude of the energy absorbed. 
Therefore, the nature of the radiation is also very important 
in ascertaining relative biological effects. By convention, 
these relative biological effects are expressed by a 
quality factor (QF). These quality factors are summarized 
below: 


P : . : , : - , (3 
Quality Factors for Various Radiations 


Radiation 

* vas? 

beta 

neutrons (fast) 
neutrons (slow) 


alpha 


The equivalent biological effect for all types and energies 
of radiation can, therefore, be achieved by defining the 


- ; ) 
unit of rem ("Roentgen equivalent man’) ©) as 


= OF x rad 


In this form, doses to a given body organ are additive, 


independent of the type of radiation. 


Radiation from sources external to the body is usually 
only harmful to humans when in the form of neutrcns, x rays, 
or gamma rays. Typically, alpha and beta particles are 
stopped by the skin. However, any source of radiation 
incorporated in the body is potentially hazardous. The 
large quality factor for alpha particles, for example, indi- 
cates that they are especially hazardous internally where 
they can deposit a -arge quantity of energy in a small amount 


of sensitive body tissue. 


Common Sources of Exposure 


Natural background radiation originating primarily 
from cosmic rays and terrestrial gamma emitters constitutes 
a significant source of radiation exposure to the general 
population. The dose from these background sources wi.l 
vary because of altitude, latitude, and differences in 
radioactive material content of the soil. Cosmic radiation, 
for example, increases by a factor of three in going from 
sea level to 10,000 feet. ‘>? Consequently, the individual 
dose from these sources will vary considerably with location. 
A person in Louisiana or Texas will receive about 100 mrem 
(1 mrem = 0.001 rem) per year as compared to the 250 mrem 
annual dose received by a person in Colorado or Wyoming. 
Internal exposures also arise from body deposition of 


naturally-occuring radionuclides that have been ingested 


or inhaled. The major contributor from ingestion is 


potassium-40, whereas radon and its daughter products are 
the principal sources from inhalation. Estimated annual 
average individual whole-body doses from natural radiation 


in the United States are summarized in Table III-2. 


Table III-2 


Annual Average Doses from Natural Radiation Sources 


in the United States ‘>? 


Source Annual voses 
mrem 
Cosmic Rays 44 
Terrestrial Radiation: 
External 
Internal 
TOTAL 


Radiation exposure to the public also results 
from medical and dental treatment. The largest component 
of this dose results from diagnostic use of medical and 
dental x-rays. A smaller but growing contribution results 


from the use of radiopharmaceuticals. 


Other sources of radiation leading to exposure of the 
general population are the nuclear power industry and the 
continuing worldwide fallout from atmospheric nuclear 
testing. Certain members of the population are also 


exposed to radiation as a result of their occupation. 


A summary of all the common sources of radiation 


exposure is shown in Table III-3. 


Table III-3 


Estimates of Annual Whole-Body Dose to an Average 


Individual in the United States from Common Sources ‘>? 


Source Average Pose 
(mrem) 


Environmental: 


Natural 

Global Fallout 

Nuclear Power 
Medical: 

Diagnostic 72 
Radiopharmaceuticals 1 
Occupational: 0.8 
Miscellaneous: 2.0 

TOTAL 182 


The rather small contributions from nuclear powe: and 


radiopharmaceuticals are expected to grow in the future with 


the expanding enerov and medical needs of society. 
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Hazards from Radiation 


Radiation can damage or destroy cells in the body. 
Altered cells can reproduce differently, increasing the 
possibilities for the development of cancer. Altered 
cells, when involved in reproduction, can produce genetic 


effects felt in subsequent generations. 


Damage causéd is a function of the type of radiation, 
the an.cun* ¢ radiation absorbed, and the time over which 
the dose i ‘ccumulated. Short term (or "acute") doses 
may have ui. ‘rent effects from comparable doses received 


over lovyje:r seriods ("chronic" doses). 


Informe ion on these effects is derived, in part, from 


(5) 


experi~-.ts on animals and fruit flies. Information on 


direc. «f..cts on man is largely restricted to data from 
Jap: . -omic bomb casualties. This data, when combined 
Ww oot ience from radiation therapy and the few nuclear 


d j -cident cases, shows that large acute doses can 
produce ciissernible symptoms (known collectively as radiation 
sickness). & summary of these large acute dose effects is 


given in Table III-4. 


Cells and organs of the human body vary in their 
sensitivity to radiation. The .~+sproductive organs are among 
the more sensitive. Radiation doses to males beginning 
above 10 rads and extending to 600 rads produce a decrease 
in, or absence of, sperm beginiuing six to seven weeks after 
exposure and continuing for a few months to several years, 
after which there is full recovery. The extent of sperm 
count decrease and the ratio of return are related to the 
rognitude of the expcsure. It should be noted, however, 
that even the maximum experimental dose (600 rads) did not 


produce permanent sterility. (18) 
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Table III-4 


Dose-Effect Relationships in Man for 


Whole-Body Gamma teeadtation@?**? 
Dose (rads) Nature of Effect 
5-25 Minimum detectable dose by 


chromosome analysis or other 
specialized tests. 


50-75 Minimum acute dose readily 
detectable iy a specific 
individual. 


75-125 Minimum acute dose likely to 
produce vomiting in about 10% 
of people so exposed. 


150-200 Acute dose likely to produce 
transient disability and 
obvious blood changes in a 
majority of people exposed. 


340 Median lethal dose for single, 
short exposure with no medical 
treatment. 


Fortunately, large acute exposures to radiation 
are only characteristic of accidents, nuclear warfare 
situations, or radiation therapy. More typical to man- 
kind's situation is exposure to low-level chronic radiation. 
The long-term consequences of such exposures are more dif- 
ficult to ascertain, but the body repair mechanism does 
appear to operate to mitigate the effects of low-level, 
chronic exposure. The harmful effects this exposure may 
have on the human body are often difficult to separate 
from similar effects produced by certain chemicals and 
other environmental hazards. Special studies such as the 
BEIR report ‘>? have extrapolated from Japanese atomic bomb 
casualty data to estimate the risk from low-level radiation 
in terms of additional cancer fatalities. These results 
have been used in the Health Effects Model for this study 
(see Section H of this chapter). 


Besides cancer, genetic effects are thought to be 
another possible long-term consequence of radiation exposure, 
although virtually no data exist on human beings. It is 
known that radiation can cause mutations in lower life forms, 
and that most of these mutations are unfavorable. One might 
expéct a shorter life-span in future generations as evidence 
of deleterious genetic effects. On the contrary, however, 
exposures at dose rates of 0.1 to 0.5 rad per day have 


consistently resulted in an increase of the average life 


span in rodents '°) and have increased the fecundity of certain 


(8) 


fish, for reasons not completely understood. 


Radiation Standards 


As a result of the early injuries and deaths from 
contact with radioactivity and excessive exposure to x rays, 
international efforts were organized during the early 1920's 
to establish standards for radiation protection. In 1928, 


the International Committee (now Commission) on Radiation 
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Protection (ICRP) was created. In the United States, a group 
called the Advisory Committee on X Ray and Radium Protection, 


later to become the National Council on Radiation Protection 


and Measurements (NCRP), was organized in 1929. More recently, 


the Federal Government entered the field of radiation 
protection through the Federal Radiation Council (FRC), 
whose functions were transferred to the Environmental 


Protection Agency (EPA) in 1970. The dose limits proposed 
by NCRP and adopted by EPA are tabulated in Table III-5. 


It can be noted from the table that the recommended 
population dose limitation, for example, is 0.17 rem 
average whole-body dose per person per year. That value 
represents exposure from all sources except natural 
background radiation and medical procedures. Often, a 
maximum permissable concentration (MPC) in air or water 
may be stated for a given radionuclide. This is the 
maximum amount a person might be exposed to externally or 
internally without exceeding the recommended dose 
limitations. It should be noted that the levels noted 
in the table were suggested as upper limits, with the 


understanding that radiation exposure be kept as low as 


practicable. The recommended limiting levels (given in 
10 CFR 20) are substantially below the level where harmful 


effects have been observed in humans. 


Cost-Benefit 


There is a certain amount of statistical risk involved 


with any level of exposure to radiation. In line with other 
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Table III-5 


ae 6) 
NCKP Dose-Limiting Recommendat ons*® 


Combined Whole-Body 
Occupational Exposure 


Prospective annual limit 5 rem in any one year (3/quarter) 


Retrospective annual limit 10-15 rem in any one year 


Long-term accumulation to age 
N years (N-18) x 5 rem 


Skin 15 rem in any one year 


Forearms 30 rem in any one year 
(10/quarter) 


Other organs, tissues, and 
organ systems 15 rem in any one year 
(5/ quarter) 


Fertile women (with respect 
to fetus) 0.5 rem in gestation period 


Dose Limits for the Public or 
Occasionally Exposed Individuals 0.5 rem in any one year 


Population Dose Limits 
Genetic 0.17 rem average/ year 
Somatic 0.17 rem average/ year 
Emergency Dose Limits - Life Saving 


Individual (older than 45 yrs., 
if possible) 100 rem 


Hands and forearms 200 rem, additional 
(306 rem, total) 


Emergency Dose Limits - Less Urgent 
Individual 25 rem 


Hands and forearms 100 rem, total 


activities and needs of society, one must compare the bene- 


fits gained from the use of radioactive substances with the 
possible risks entailed. Few people, for example, are 
likely to stop using medical x-rays or radiopharmaceuticals 
which may help discover a developing tumor for fear of the 
cell damage produced by the cadiation. In short, benefits 
outweighing the prospective costs are usually expected from 
certain uses of radioactive substances, just as with many 
other hazardous materials. Sinilarly few people are likely 
to change their location to reduce background exposure, 
although this background can vary between certain states by 
as much .3 the recommended population maximum. In Table 
III-6 the risk of fatal cancer or life-span shortening from 
radiation is put into perspective with other risks commonly 


taken in our society. 


Shielding can be introduced to reduce the external 
radiation hazard to the public. Ty: .cally, lead or other 
high atomic number material is used to -F ld against gamma 
rays; low atomic number material is u:2d <.o shield against 
neutrons. Shielding can aiso be a factor ina cost-benefit 
analysis. For example, a radiopharmac itical can only 
reasonably be shielded by lead to the point where its trans- 
portation is feasible or its weight is gene.zally not cost- 


prohibitive. 


Radiological Properties of Transported Radioisotopes 


During the past 25 years, clinical applications of 


radioactive materials have become a major branch of z 


medicine, “?! In particular, gamma-ray emitting isotopes 


Table III-6 


Average Number of Days Given Up for Various Activities ‘?? 


Activity Cost in Days of Life 


Living in City (rather than 
country) 1800 


Remaining unmarried 1800 


Smoking 1 pack of cigarettes/ 
day 3000 


Being ten pounds overweight 500 


Using automobiles 240 


170 mremyyear of radiation 10 
exposure 


are now commonly used for the purpose of imaging specific 
areas or organs. The detection of the ganma emission greatly 
facilitates diagnosis of physiologic malformation or 


malfunction. Radioisotopes of iodine were among the first 


such materials. Their use in the study of thyroid 
physiology and in the diagnosis and treatment of thyroid 
disorders still make them an important part (300,000 
admihistrations/year ‘**?) of the modern radiopharmaceutical 
industry. The growth rate of this industry is estimatea 

at 30 percent annually in terms of the number of patients 


treated by this imaging technique. 


An example of this growth is the increased application 
of technetium-99m, an unstable daughter of molybdenum-99. 
Technetium-99m has no application, in itself, as a natural 
component of any biologic system. Its desirable properties-~ 

a six-hour half-life and a 140-keV gamma ray emission well- 
matched to existing monitoring instruments--make it ideal. 

for imaging. Radiochemists are, therefore, working hard to 
incorporate this isotope into medically useful forms. It 

is estimated that nearly 5.5 million examinations were performed 


(13) At present, the most useful 


in 1972 using technetium. 
form is as a pertechnetate, used for brain scanning 

(120,000 administrationS/ year). Technetium-99m can be given 
in rather large doses with little radiation exposure. A 

wajor source for technetium-99m is the molybdenum-99 

generator or "cow" from which the daughter product is eluted-- 


i.e. milked by flushing with a saline solution, “*? 


P g 198 
Many other scanning procedures are now in use--Au 


or y+3t for liver (61,000 administrations/year), yist for 


N22 
lungs (23,000 administrations/year, Hg"? 


(16,000), sr°° for bone (6,000), etc. 


for kidneys 


The high-energy gamma emission from certain 


radioisotopes makes them important in the radiography 


industry. The isotope co, for example, emits high energy 


gamma rays well-suited to the analysis of thicknesses or 
flaws in metal objects. The isotope tr??? is also a 
commonly used radiography source. These sources typically 
emit gamma rays of much higher energy than radiopharma- 
ceuticals. They are also characterized by a much longer 
physical half-life. They are usually packaged in well- 
shielded, portable containers which allow them to be used 


in remote places. 


Density variations may be measur j by backscattering 
techniques, in which gamma rays interact with surrounding 
material. Substances involving ce**' use this. technique 
in oii-well logging to determine the soil or rock composi- 


tion at various depths. 


Various isotopes of uranium and plutonium are involved 
in the nvclear fuel cycle. These substances, basically 
alpha emitters, constitute special hazards to the body 
upon inhalation (see Appendix B). These materials can also 
lead to significant neutron emission when in a chemical 
form which favors the (a,n) reaction (a nuclear reaction 
in which an alpha particle interacts with another nucleus 
to release a neutron). Plutonium in the form of plutonium 


oxide embodies these hazerds. 


Transported isotopes which can have significant 
radiological effects are summarized in Table III-7. The 


relative hazards to man are a function of the type and 


energy of the radiation as well as the effective half-life 


of the radionuclide. Table III-7 shows that the effective 
half-life increases as one goes from radiopharmaceuticals, 
te radiographic sources, and finally to isotopes of uranium 
and plutonium. Some pertinent characteristics of plutonium 


are further discussed in Appendix B. 


Health Effects Model 


The health effects model used in this assessment is 
based on the detailed model developed in Appendix VI to 
wasH-1400,'28) 


made to make the more detailed reactor accident analysis 


Some additional simplifying assumptions were 


applicable to the transportation situation. 


Potential Gosage sources were first subdivided into 
external penetrating radiation sources (principally from 
normal transport as discussed in Chapter IV) and internal 
radiation sources (principally from inhalation following 


accidents as discussed in Chapter V). 


External penetrating radiation presents a whole-body 
exposure problem from photons ard neutrons with each organ 


receiving similar Gosages. 


Internal dose effects are dependent on the biological 
pathway taken by the radioactive specie in the body. In 


order to specify this pathway, the chemical nature of the 
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TABLE ILI-7 


Summary of Radiobiological Properties of Some Transported Radionuclides 


Organ of 
Principle Soluble or Half-Life (days) Principal Rem/curie 
Radionuclides Radiation Insoluble Radioactive Biological Effective* Interest (inhaled) 
tc? ™ 140 Kev S 25 1.0 0.2 lung 89 
gamma 
99 4 
Mo 1.2 Mev S 272 5.0 1 ay lung 2.8: S20 
beta 
131 ; 6 
I 360 Kev S 8.05 138.0 7.6 thyroid ick se 9 
gamma (adult) 
k* 
co°? es oy 
Mev gamma I xk* kk xk k* ** 
tr??? s.r ae 
Mev gamma I *x* *k* *x* ** kk 
ye? 4.5 Mev alpha ys 2.6% 101+ 100 100 lung 43.1 7°) 
Pul, ~5.2 Mev alpha I 8.9 x 10° 500 500 lung,bone 2 x 108 
Pu ~5.2 Mev alpha s 8.9 x 10° eae a 104 y ie 104 bone 4.8 x 104 
(ingested) 
2 x 10 
(inhaled) 


*The time required for the:amount of a given radioisotope to decrease to half its original 
value as a result of both radioactive decay and elimination. 


**Pprincipally an external penetrating radiation hazard due to shipment as special form 
material. 
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specie, in particular whether it is soluble or insoluble, 
must be specified. Additionally, for insoluble species, 
the mechanism by which the material enters the body 
(i.e., ingestion or inhalation) m .t be specified. 
Ingestion is considered a pathway only for long-term, 


8) 


low-level activity present in the diet. An examina- 
tion of the materials in the transportation analysis 
eliminates this pathway because the types of materials 
and amounts of these materials involved in accidents pre- 
clude significant food-shain buildup or resuspension. 
Inhalation is, therefore, left as the only significant 
internal dose mechanism. Solubility or insolubility 

is as determined from Table III-7 and rem per curie in- 
haled values for susceptible organs are tabulated in Table 


TII-8. 


In order to compare person-rem per year resulting from 
accidents involving various materials with exposure from 
external penetrating radiation resulting from normal trans- 
portation of radioactive materials, a common basis for com- 
parison must be established. For the purposes of this 
assessment, the number of latent cancer fatalities (LCF) 
was chosen. Values for LCF reflecting the consequences of 
exposure to various organs are tabulated in Table r11-9, (18) 
which assumes a linear dose effect extrapolation. For whole- 
body exposures, the LCF coefficient of 121.6 deaths pe. 
million person-rem (less thyroid) also from Table III-9 is 


used in the model. 
In addition to latent cancer fatalities, the question 


of early fatality due to large doses over a short time 


period must be addressed. The two organs of particular 
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TABLE 111-8 ‘+8) 


Dose-Conversion Factors for Inhaled Radionuclides 
(rem per curie inhaled) 


BODY ORGAN: TOTAL MARROW 
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padionuclide 0-2 Days 0-7 Days 0-30 Days 0-1 Year 0-10 Years 0-30 Years 0-50 Years 
nn 

Cee eee ane nantes asec enlamcanss ance Rie eae 


1402 1.1E+0% oF 4N% LEN ~lE¢9%  TE4NS 
-2E+N% 20 E43 -lE*94 oF EOh 5.%E+04 ~°E*04 
elE-91 Ppa 8 | ol F-91 eLE~11 ~1E=97 eo 1E-AL 
o M91 VEN Py | Re 9F-191 » hs Le De - TE-91 
~3£+09 .%&+00 ~3E¢9N £499 1,3&+09 ~3E+0% 
1£+00 1 E+09 o ESO" 2 F409 ~ 164019 -1€+09 
-7E+N3 of Eons -5E +03 56498 «55493 -5E+03 
~7F4N3 -1E403 3k +0 -SE4nh ~3E*04%  2E+NG 
2£+0% E+ ~1E+95 .3F 405 TF 4S aoe 2) 
9E+92 ~7E4#N2 ~1E+92 -2£+92 ~2E+02 2 2E #2 
7492 -1£+02 Pe} os bs ~ 1E+02 -1&+02 - 1492 
~7E4N2 Fen? ~2E+93 -3E+9% - 3E+0%  3£+03 
oNE4N2 246402 -5E+03 -fE+03 E403 .6E+03 


co-58 2.36492 3 
Ss 

iJ 
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3 
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1 
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z 
Gg 
9 
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-9ESO02 ~9E+92 -9E+02 - IE +02 .IF+92 1. TE+N2 

1 
1 
1 
1 
2 
6 
2 
3 
8 
1 
8 
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.9-69 5.56492 
©Nn-S5 6.9£-91 
np-e5r 3,.9F-11 
rN-57 1.36499 
Kp-%8 3,1&+09 
n3-86 5.0E+92 
§n-39 §.26+ 7" 
$P-39 3.5E*u2 
$r-91 1.9&+52 
Y-90 2.0F4+92 
Y-91 1.6&+92 
ZR-95 1.8&402 
2R-97 1.7E+92 
"1B-95 1.3E+C2 
N0-939 7.5F+01 
TC-99K 1.1£&+01 
nu-193 1.3£+92 
RU-105 2.36401 
RU-106 7.6&+01 
RH-195 1.6£&+01 
TE-127 3.7E+00 
TE-12704 2.6E+91 
TE-129 1.1E&+00 
TE-129M 6.7E+01 
TE-131M 2.1E+02 
TE-132 4, 02 
$8-127 1.74092 
$8-129 &.5E+01 
{1-131 7.7&+61 
1-132 5.0&+91 
1-133 8.8E401 
1-134 2.9E+N1 2.9E+91 
1-135 9.1E+91 9.1E+91 
XE-133 1,.5£+00 1,6&+90 
XE-135 2.1£+00 2.1E+90 
OS5-134 5.SE+02 2.9E +03 
CS-136 €.9E+02 2.1&+03 
CS-137 3.6£+02 1.3E+93 
5A-140 4 fE*02 1.4E493 2.%F +03 
LA-140 &,4E4N2 6.6E+N2 6. fE+N2 
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-7E&+02 ~4E+935 -4E+03 -4E+9% -4E403 
~2E+02 ~3E+92 .3&+02 - 3E4N2 
tE&+91 -1F 401 ~1£+01 ~1E+¢91 
-5E£+02 .1E£+03 - LE+03 - 1E+03 
-4E491 ohE+91 -4E*O1 -4E+OL 
~fE+492 -fE+03 2 2£ 403 ~2E+05 
-3E+01 -3E+01 - 3E491 . 3E+01 
~°E+90 -9£+00 ~9E+01 9E+N0 
«7E+N2 o5E+92 E402 
-1E+00 1£+09 -1€+09 
3E+N2 -3E+%2 ~4E+02 
1E+92 ~1&+02 ~ 1€+92 
o0E495 0£+03 
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~4E+0) 
.2E+03 
.3E&+91 
.9E+09 
1E+09 -1E+00 
~4&E+02 
~1E+*02 


~4E*N2 
-1E+02 
- 1E+03 .1E+93  2E+03 
~ 3£+02 
~fE*01 
. 96402 
E401 
"E401 
E491 
.1€+01 
5EON9 
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5 
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2 
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~1E+0n 2.1E+90 
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3 
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2 
1 
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.6E+91 ~6E4+01 ~FE+O1 
2 F4n2 
.9F+01 
~SE+N1 
NE+n1 
~1E+01 
.6E+09 
1£+09 
DF 493 
E43 
.2E4+93 


~6E+91 


9E+92 ~TK+02 -9E+92 


-IE4N1 E402 ~VE+N1 


GE+OL -4E+01 -4E+G% 


~VE+91 -IE+O1 -9F4+01 


~LE+Ol 1£+01 1E+91 


~fE+0N E499 ~f£+0n 


1E+00 -1E+an 
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1 
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1 
1 
1 
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5E 402 8. NE+02 
1 
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3 
1 
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1 
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9 
2 
9 
1 
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.3E4NG .P E404 E404 ~%E+04 
~ E493 
.7E +04 
~4E4Od 


.°E+02 


1E+0% -NE+03 - 1E4+63 


~LE+nk 7E+94 7£+04 
a 
~2E4N2 
CE-141 3.7€+01 7.66401 1,5F+02 2.7402 ~7E+N2 .7E+02 
CE-143 6.6E&+01 9,1E491 1,°SE+92 1.1E+02 ~1F +02 ~1E+02 ~1E4N2 


6 6 

3 
3.46403 3 
6 € 
2 2 
1 1 
CE-144 6.2E+01 1.2E&702 3.5E+02 3.fE+04 9.2&493 9.2F+0% 2E+N3 
% 3 
2 2 
6 6 
2 8 
9 
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F402 


~4E+0% 
~°E+02 


NUUWDENVHPON OVE FUR WOE NWN WN Pr rere AOViniz~arc wea 


~7£+02 


PR-143 3,0E+90 9.66400 2.6F 491 3 4E+01 GE+N) GE+O1 3.4E+01 
ND-167 5.56401 1.16 +02 1./E+02 1.9£+02 E402 .1£402 2.96402 
NP-239 4 OE4N1 6.0E+01 6.46401 6.46401 -4E+01 4E403 6.46401 
PU-233 1.8E&¢01 6,3£+01 2.26402 6.9E+0% .3€+05 .7E405 1. 36&+96 
PU-239 1.6£+01 5.%E+01 2.66402 5 .fE+0? 2.36495 . 2405 1.56406 
PU-240 1.6£+91 5.8&+01 2.fF 402 5.6640? 2.36405 .2£+05 1.5£+06 
PU-241 3.3E-03 1.2E-92 7.2F-92 b. LE+00 1.243 1.5&+04 3.2E+04 
A= 261 4 .£+01 1.16 +92 &.2E+02 7.2£+03 2.56495 9.96405 1.66+06 
CM-242 2.1€+01 7,6€+01 3. 3£+02 3.2E403 6. 1£+03 R.SE+03 1.9E+04 
CM-244 2.9£+01 7, 3£+01 3,3E+02 6.66403 2.1€+05 5.96405 7.4E4+05 


BODY ORGAN: 


LUNG 


—_—— 


Radionuclide 


co-58 
0-69 
KR-85 
KR-85M 
KR-87 
KR-88 
RB-86 
SR-83 
$R-90 
$R-91 
¥-90 
Y-91 
ZR-95 
ZR-97 
NB-95 
MO-99 
TC-99M 
RU-103 
RU-105 
RU-106 
RH-105 
TE-127 
TE-127M 
TE=129 
TE-1294 
TE-131M 
TE-132 
$B-127 
$B-129 
{-131 
1-132 
1-133 
1-134 
1-135 
XE-133 
XE-135 
CS-134 
CS-136 
CS-137 
BA-140 
LA-140 
CE-141 
CE-143 
CE-144 
PR-143 
NO-147 
NP-239 
PU-238 
PU-239 
PU-240 
PU-241 
AM-241 
CM-242 
CM-244 


0-2 Days 


1.9&+93 
&.3E+03 
1.8£€-01 
2.1E-01 
9.6E-N1 
2.0€+00 
7.2E£+03 
6.9E+03 
&.6E£+03 
3.4E£+03 
1.7£+04 
1.3£+04 
3.5£+03 
1.46+04 
1,.8&+03 
7.7E403 
§.9E+01 
2.96493 
2.16403 
$.3£+04 
2.56403 
1,5E+03 
5.2E+93 
5 .6E&+02 
1.3F404 
6.6&+93 
1,.3£&+04 
9.1E+03 
3.164093 
2.1£+03 
1.0E&+03 
3.1E+035 
5.6E+02 
2.5E£+03 
&,1LE-91 
9.4E-01 
3.0E+03 
2.9&+93 
3.2£+03 
&,6E403 
1.9E+04 
h .0E+03 
7.9E+03 
2.9E+04 
6.9E£+03 
6.1E+03 
5.0E+03 
1,3£+06 
1.2E+06 
1,.2°+06 
1.3&492 
1.3€&+06 
1.4%&+06 
1.48E+06 


0-7 Days 


.9E4+03 

-2&+03 

~3E+03 
3.5£+03 
2.9E+04 
3.5E+94 
9.7E+93 
1.5€+94 
&.9E+03 
1.46494 
8. 9E+01 
7.6&+03 
2.2E+93 
9.1&+04% 
3.5£+03 
1.6E+93 
1.6E+04 
5.fF+92 
3,5E£+04 
9.4£+03 
2,4E+04 
1.9E4+N4 
3.1E&+03 
2.3£+03 
1.0&+03 
3.1£&+03 
5§.6E+02 
2.5E+03 
&.1E-91 
9.4E-01 
&,7E+03 
h SE+03 
4, 4E+03 
5.7E£+03 
1.5E+04 
1.9&+04 
1,9E&+04 
8.2E4+94 
1.7E£+04 
1,.5E+04 
R.3E493 
3. E496 
3.3E+06 
3, 3E+N6 
3,7F4N2 
3.6E+06 
3.9E+N6 
3.8E+06 
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TABLE III-8 


0-30 Days 


1.7£+04% 
&,9E*04 
1,5€-"1 
2.1E&-91 
9.fE-032 
2.9F +00 
1,2£+04 
7.2F+03 
1.26404 
3.864603 
3, 3E+04 
1.9£+05 
3.4E£4+04 
1,5£+04 
1,5€+04 
1,6F+04 
8.96401 
2.4E+04 
2.2F+03 
3.3E+05 
3. fF +03 
1,6F+03 
*,2E+04 
5.6F+02 
9.5E+04 
1,1E&+04 
3.0E+04% 
2.46404 
3. 1E+93 
2.46403 
1.0E&+03 
3.1£+03 
5.6E&+02 
2.5E&+03 
&,1E-01 
9.4E-91 
1.1&+94 
7.3€+03 
8.3E£+03 
6.1E+03 
1,.6E+04 
3.,1E£+04 
1,2£+04 
3.NE+05 
& NE+04 
3.1£+04 
9.2E+03 
1,3&+07 
1,.2£+97 
1.2€+07 
1.26493 
1,3£+07 
1,4&+07 
1.4€&+07 
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O-l Year 


5 
4 
1 
2 
9 
2 
1 
7 
1 


~9E404 
~6E495 
~8E-01 
~lE-11 
~6E-91 
.NE490 
4E+O4 
.8E+03 
~6E4+04 
.3&+03 


S,36+0% 
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a. 


5 
2 
2 
3 
1 
1 
5 
1 
1 
3 
2 
3 
2 
1 
b 
5 
2 
q 
9 
4 
8 
3 
6 
1 
6 
1 
2 
4 
3 
9 
1 
1 
1 
6 
1 
7 
1 


~VE405 
.3E+05 
25E404 
~lE+9b 
~HE+04 
GE401 
4E4OG 
.2£+03 
.5E+06 
.6E+03 
~6E+03 
26495 
~6E+02 
~5E+05 
~LE+nh 
E404 
~5E+04 
.2E+03 
~4E+03 
~9E4+03 
~1E4+03 
~6£+02 


2.5E+03 


~lE-91 
4E-91 
.5E+04 
.2E+03 
~4E*O4 
~3£+03 
~6E+04 
~2£+04 
~3E+04 
~1E+06 
~9E+04 
~7E+04 
o2E +03 
-2E£+08 
~2E +08 
.7E4NS 
~4E+04 
~3E+08 
~6E+0 


3E+0S 


O1C Years 0-30 Years 


6.1F£+04 
1.25F+0f 
LTS E-04 
2.1E-01 
9.fE-01 
2.9E+N9 
1,4E+04% 
7.26403 
1.8E&+94% 
4, 3E+03 
3. 3E£+04 
2.9E+9S 
1,3&+05 
1.5&+04 
3.1£+04 
1.fE+94 
&.9E+91 
5 .4E+94 
2.2E+93 
3.9E&+05 
3,66+03 
1.6&+03 
1,2&+05 
5 .6&+02 
1.5E+05 
1.1£+04 
3.9E+04 
2.5E+04% 
3.2£+03 
2.4E4+03 
1.9F+03 
3.1£+0%3 
5.6E+02 
2.5£+03 
& ,1LE-"1 
9.4E-91 
5.1E+04 
§.2E+03 
& E404 
6.3E&+93 
1.5E£+04 
6.2E+04% 
1.3E+04 
2.9£+08 
4, 9F+04 
3.8E-04 
9.3E+03 
3, 1E+08 
2.%F418 
2,.9E+499 
5.3€&+05 
3,1&+08 
C.7E+97 
3.1E+08 


6.16404 
1.3€+06 
ef F-91 
1E-01 
eAE-91 
£400 
~4E*Ou 
- °ES83S 
.fEedu 
,3E4ns 
. 3£+04 
NE+«05 
3E+05 
5E+94 
1E+94 
GE+94 
~9E*01 
~4E*04 
~2E4N3 
~9E496 
fE4NS 
.6E+03 
2E+05 
&E+02 
5&+05 
~.E+04 
NE+04 
~5E+04 
2E+03 
~4E403 
NE+Q* 
1E+0 
6E+0z 
5E+03 
LE-A} 
KE-91 
~LE+O4 
2£+03 
-9E+04 
~3E+03 
£E+04 


MWe Ie RA Ee NR NON 
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3. 8&+04 
9, 3&+h% 
3, 1498 
2.%F +8 
2,.9E+08% 
5.7£+05 
3, 1E¢08 
8. 7E497 
3, 1E¢0f 


O-50 Years 


MAN VI OM Wee Ne “se NWONM ea 


wvwinr ABA REK AK ADE MUO ENUVwArN AN wre Vee 


-1E+06 
. 36406 
2&-91 
~1E-91 
-5E-91 
- 1699 
~SE*04 
~TEen3 
o* oO 
e008 
. 3E+94 
76405 
~3E4NS 
~5E*04 
~1E+04 
efHE+Ou 
FE) 
FENG 
~2E en 
. VE 496 


6E493 


~6E+03 
~2£+05 
ofE+02 
~5E405 
~1E+98 
EO 
~5E+OG 
.2£+03 
FEO 
. £493 
~1E+03 


©£+02 


~5E*03 
o LE=A] 


bE-1 


-1&+06 


2E+03 


~TE*D% 
. 3E*05 


HE+O4 


~2E¢06 


3&+04 
9E+06 
SEens 
.E+04 


- E03 
~1E+*08 
Pe) <b 
.TE+n8 
96495 
26498 
~7E+407 
3.1£+08 
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BODY ORGAN: SKELETON 
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Radionuclide 0-2 Days 0-7 Days 0-30 Days O-1l Year C-10 Years 0-30 Years 0-50 Years 


ee ee 


co-58 1,.5€&4¢N2 3, 3£4N2 BL GE+N2 2.5E+03 2.66403 2.8E+03 2.86493 
€o0-60 3.5E+02 8.NF492 2.26403 1.86+04 4, %E+04 5.ME+04 5.7E+04 
KR-85 1,5€-91 1.5E-191 1.5E-%1 1.$E="2 1.SE=412 1.5E-9) 1.SE-A1 
KR-o5N 1,.9E-n1 1,9E-01 » Was | S| 2, 9E€-"1 1, TE=91 1,9E-9% 1,9E=91 
KR-s 8.3E-11 RTERA 8. 2EAM1 §.3&-91 %.3E-11 8. 3E-11 ©. 0E=11 
KR-C8 1.2&+09 1,°E+00 1.86409 1.%E+04 1,7&491 1,£6+90 1, 3&+99 
RB-46 5 .%E+02 1.7E4+93 4 Shen 6.5E+93 6,5E4n% 6&,5£+0% ©. 5E+0% 
S$rn-?9 7.2E£492 3.SEe5 1,TE+n 3. VF 4h 3, VE+7h 3.9404 3.7494 
SR-90 5.5E+92 3.SE4NS 2,1E+Ni, 2.58¢08 1,fF +98 2.46495 2.%E405 
Sr-91 1.396492 2.96492 2,3E+92 3.4E+N2 Z.HF4N2 3.8€¢92 3.GE+N2 
Y¥-90 &.1E*02 ~ 8.fE+92 1,2£+93 1,9E49% 1.9E+93 1.9E+N% a 
Y-$1 3.4E+92 -2E493 4. 7E49% 1.96494 1.%8+04 1.9E+04 1.9F+96 
ZR-95 1,2£+02 2, °E+02 7,9€9*02 3.36 +03 3.4413 3.4EF9% 3.4E+0% 
ZR-97 1.2E+92 1.3&+02 1,3&+92 1,.3E+92 1, 3E+02 1,3E&+92 1, 3F+92 
tR-95 1,.2E492 2,8E+%2 6.2E&+92 1.2£+9% 1,26 40% 1.2E+0% 1,2E+93 
MO-99 €.2E491 1,E+92 1,1£+N2 1.15402 1.1F +92 1.2F+02 1,1E+92 
TC-93r" 1.9E4¢n1 1.0F 401 1,57¢01 1.9E+01 L.9E4N1 1.9E4+01 1,9C+9% 
RU- 103 7.7E&+91 1,°*#h2 4 %E+92 €,fE+N2 R.8E+92 8.2 +92 &.%E+02 
RU- 105 1.6E+01 1.7E+01 1.7E+01 1.7E+01 1.7E+0} 1,7E+01 1.7E+01 
RU~106 $.8E+91 1.9E&+92 6.7E+92 3.4493 5.9E+03 5.9E+N3 5.9E+03 
RH-195 1,1E+01 1.6E+01 1.6E&+91 1,6€+02 1,.6E+03 1.6&*0) 1,6€+01 
TE-127 5.0F£+09 5.2F+90 5.2E+00 5.2E+086 5.2£+01 5.2F+90 5.2E&+01 
TE-1274— 3.1E¢91 1,3E+92 4.4E+N2 1,8F+03 2.9F+03 2.9E+03 2.9E+03 
TE-129 1.2409 1.2£+00 1,26+09 1,2F¢0n 1,2E+00 1,2E+n8n 1,2E+09 
TE-129M 7.SE¢%2 2.fE+02 7.5E&+02 1,4E+03 1.4E+0% 1.4E+03 1.5E+03 
TE-131" 1.6E+N2 2.3E+02 2.5842 2.5£+02 2.5E+02 2,5€+02 2.5E+02 
TE-132 &.4E+02 8. QE+N2 9.1E+N2 9.7E+02 9.1&+02 9.1£+02 9.1E&+02 
$B-127 1.2&+02 2.1E+02 2.5E+92 2.6E+92 2,.6E+02 2.6E+02 2,6€+02 
$B-129 3.8E+1* 3.8E+91 3.°F+01 3.9E+01 3.9&+91 3.9E+01 3.9E+01 
t-131 7.6€+01 1,2£+02 2,9E&+02 2.1E£+02 2.1£+02 2.1£+02 2.1E+02 
{-132 &.7E+01 4.7E+01 4.7E+01 4, 7E+401 4. 7E4N1 &.7E+01 4.7E+01 
$-133 8.7E&+01 9.2E+491 9,2E+01 G,2E«N1 9,.2E+01 9.2E+01 9.2E+01 
t-134 1.9E+01 1,9£+01 1,9&+¢01 1,.9E&+01 1.9E&+491 1,9&+91 1.9E+01 
t-135 8.7E+01 8.7E+01 8.7£+01 &.7E¢01 8.7E+01 8.7E+01 8.7E+¢01 
XE-133 3.5E-91 3.6E-51 3.6E-91 3.6&-91 3.6E-01 3.6E-01 3.8E-82 
XE~135 7.2€-01 7.2E-91 7.2E-91 7.2E-"l 7,2E-"1 7,2E-1 7.2E-Nl 
CS-134 5.7E+02 2.9E4N3 7.2E&+03 4.2L404 4.7E+04 4. 7E+0% &.7E+04 
CS-136 6.6E+02 2.0E+03 &.9E+03 5.9E4N3 5.9E+03 5 .9E+03 5.9E+93 
CS-137 3.6E+07 1, 3&+03 5.1E+93 3.1E+04 3.6E+04 3.6E+04 3.6E+*94 
BA-140 6.1E+02 2.9E +03 4, 2E+0% 5.2E+03 5.2E+03 5.2E+0% §.2E+03 
LA-140 4&.2E¢02 6.7E+02 7,.0€+02 7.0€+02 7,.9E+02 7.0E+02 7.9E+02 
CE-141 2.5E+01 6.1E+01 1,6E+N2 3.26492 3.2E+92 3.2E+*02 3.2E4N2 
CE~145 4, 7E+01 7,1€+61 9.4E+601 1. 1€+02 1,1F+02 L.1E+02 1.1&+02 
CE~144 1,9E402 2.9F 402 6 *E+N2 7, 2E¢93 TL9OE +b 1,1E+N4 1, 9E+04 
PR-145 -° £09 2.4E+01 6.5E41 &.5E€401 « SE*O1 8 .6E+01 8.5E+01 
NO-147 3. 8E+A1 8.5E+91 1,CE+02 1,9&+0* * SE*#92 2.4E+N2 2.4E+92 
HP-239 3,.NE+0} 4, 9E*01 5.4E*01 S.4E+%, R ,OF4N1 1.6€ +02 2, 3E+02 
PU-238 9.9£+03 3.5E6+94 1,6&¢95 3.4E*96 1. 3E+98 4 SE*OR 7.6€+03 
PU-239 9,2E+03 *,3&¢04 1.5€+05 3.1F+06 1,3£+08 5.2&+08 &.7E+¢08 
PU-240 9,2E¢03 3, 3E+04 1.5€¢95 3. 2h4N6 1, 3E*0R 5.2E+08 &.7E+08% 
PU-241 2.4E-01 1.2E4¢00 1,3&+01 2.7E+03 9.86405 8. 3&+06 1,7&+97 
AM-241 1. 2€+0% 3.9E*n4 1,0£+05 3.fE+06 1,4E¢08 5.5E+0% 9.9E+N8 
CM~242 2. TEe0t &, SEenu 1,.8&¢05 1.£E&*°S 3, 4E°06 &,2E+06 5.3E&+06 
CM-245 1.]&¢04 ~ &,1E¢04 1,9&+05 3.7E+ud 1.2£+08 3. 3E+08R &.2E+08 
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TABLE III-8 


B°DY ORGAN: LOWER LARGE INTESTINE WALL 


jee ee ee 
RADIONUCLIDE 0-2 Days 0-7 Days 0-30 Days 0-60 Daya 


ee ee 
co-s8 3.2E+03 6.9E+03 P.1E+03 7.2€403 
co-b0 8.0F 493 1.86404 1.86404 1.96404 
KR-$5 1.8F-01 1.RE-01 1.8€-01 1.%€-01 
K2-85M 2.2£-01 2.2E-01 2.2E-N1 2.2£-01 
K-87? 1.0E+00 1.0£+09 1.0£¢n9n 1,.9E+00 
KR-88 2.36400 2.36409 2.3£+09 2.3640 
nB-Rk6 1.26403 2.7£+03 5 .8E+0% 7.1E+03 
sr-89 9.26403 1,4E404 1.4E+04 1.46404 
$R-90 7.36403 1.4E+04 1.66404 1.66404 
$Rr-91 2.4£403 2.6£+03 2.66 +03 2.66 +03 
1-90 2.26+04 4 OE+04 4 OE+04 4 9E+04% 
y-91 2.0E+04 4. 6E+04 4. 9E+04 5.0£+04 
2-95 6.1£+03 1,4E+04 1.4E+04 1.5&+04% 
2R-97 1.56404 1.9£+04 1.9£+04 1.9E+04 
43-$5 3.2E+03 6.9E+03 7.0£+03 7.1€+03 
HO-99 1.2E+¢04 2.9E+0 2.1E&+04 2.1£404 
TC-99M 1.16401 1,1E+01 1.1£+91 1. 1£4¢01 
RU-103 4. 8£+03 1.0£+04 1. 1E+04 1. 1&+04 
Ru-105 9.1£+02 1.2F+03 1.2E+03 1.2£+03 
RU-106 5.5E+04 1.2£+05 1.3€+05 1,3£*05 
RH-105 3.36403 5.1£+03 5.1E£+03 5.1E+03 
TE-127 7.36402 7.8E+02 7.3E+02 7.8E+02 
TE-1274 6.9E+03 1.7E+04 2.0£+04 2.1£+04 
TE-129 5.7E£+00 5.7E+00 5.7E&+00 5.7E+00 
TE-12SM 1.56+04 3. KE+04 3.6£+04 3. 7E+04 
TE-131M 5.8E+03 $.5£+03 8.5E+03 8.56403 
TE-132 3. 3€+03 6.9E+03 6.1£+03 6.1E+03 
$B-127 1.36404 2.6€+04 2.6€+04 2.6E+04 
$6-129 7.9€+02 8.1E+02 R.1E+092 8. 1£+02 
f-131 2.8E+02 3.3E&+02 3, 6E+02 3.66402 
1-132 6.9E4+01 6.NE¢02 6.9E+01 6.9F+01 
1-133 7 SF402 3. 3£402 3, 3E+02 3. 3£+02 
$-134 2. 7 301 2,9E+01 2.0E+01 2.9E+01 
1-135 27902 2, 2F+02 2. 2E+02 2.2E+02 
KE-133 &.2£-01 4 '.E-01 &.2E-01 &,2E-01 
XE-135 $,9£-01 9,9F-01 9.9E-0) 9,9£-01 
CS-134 9.0&+02 2.8E+03 1. 9E+9% 1.8E£+04 
CS-136 9.9£+02 2.8E+03 6.4E+0% 7.5E+03 
€$-137 6.86402 1,9£+03 6. 3E+N3 1, 1E+04 
BA-140 8.46403 1.66494 1.6£+04 1.6E+64 
LA-140 1.36404 2.16404 2.16+04 2,1£+0% 
CE-161 6.7E£+03 1,SE+04 1,5£+04 1.5€+04 
CE-143 9.8F+03 1.6&+04 1.66704 1. AE+OG 
CE-144 5.26798 1,2&+05 1.2£+05 1,2E+05 
PR=143 1.2F +08 2.5E+04 2.5E+04 2.56404 
NO-147 1,0£+04 2.1404 2.2404 2.26404 
NP-239 7.4E+03 1.36404 1.36404 1, 3€¢04 
Py-239 2.2E+04 5.0£+04 5. 1E+08 5.26404 
PU~235 2.06404 & .6E+04 &.7E+04 &.BE+04 
P’i=240 2,164.4 4.7E+04 4 BE+Ou 4. 9E404 
yU-26) 2.1€+02 4. 7E402 4 .8E+02 4, 8F +02 
AM-241 2.34046 §.2E+04 5 .WESOG 5.5E+0% 
CM-242 2,4E+04 5.5€*04 § .6Es 0% 5.7E+0% 
CH-246 2.36¢04 5.2E: 0% 5. 4£+0% 5.5E¢0% 
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TABLE III-¢ 


€ 


EXPECTED LATENT CANCEK FATALITIES PER 10 
PERSON-REM EXPOSURE TO THE POPULATION 


* 


Type of Cancer 


Leukemia 
Lung 


Stomach 


Alimentary Canal 


Pancreas 
Breast 
Bone 

All Others 
Whole Body 
Thyroid** 


*BEIR coerficients 


(18) 


cancer development are used. 


**for assumed average individual dose of 1500 rem 


(18) 


Expected Deaths 


per 10° Person-Rem 


28.4 
Zeya 
10.2 
3.4 
3% 
25.6 
6.9 
21.6 
L2k56 
13.4 


for a 75-year lifetime of potential 


4. 
I IO RI TE ET LONE, oF Le EY Pe 


interest for early fatalities, using the assumptions of 
this analysis, are the bone marrow (the fatality pi*- 
bability versus dose curve is shown in Fioure III-1l), 

and the lungs (the fatality probability versus dose cvrve 
is shown in Figure III-2). The only incidences cf eariy 
bone marrow fatalities within tne constraints of this 
model would occur from large dosages from cxternal 
penetrating radiation sources. Isotopes capable of 
causing early lung fatalities would include any inhaled 
specie providing a sufficient dose to the lungs (i.e., 
plutonium oxide). The LD 50/365 (lethal dose to 50% of 
exposed people within 365 days) for long-lived alpha emit- 


ters ‘19) is the basis for the curve plotted in dotted 


lines on Figure III-2. This aspect of the radioactive 
material shipment hazard is addressed in Chapter V of 


this assessment. 


For the most part, the radioactive materials trans- 
ported are relatively short half-life species. There are, 
however, a few exceptions such as plutonium-239, cesium-137, 
and cobalt-60. Because these ‘.otopes have the potential 
for long residence time in the ~:..7, two dasages must be 
considered. The early dose is ‘..2d on the rem/curie 
value for a one-year period. This dose is used to compute 
early fatalities using probabilities from Figures III-1l 
and III-2. The long-term dosage is based on the rem/curie 
value for a 50-year period. It is this dose which is used 
to predict latent cancer fatalities. 


Figure III-1l 
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Estimated dose-response curves for 50% mortality in 
60 days with mirimal treatment (curve A), supportive 
treatment (curve B), and heroic treatment (curve C). 
Origin of data points: 1, NCRP Report 42 (converted 
to reds using factor given in NCRP Report 42); 2, Lang-~ 


‘korn (1967, Table 12, estimate for “normal man?"); 


3, Margnall Islanders (protracted exposure); 4, radia- 
tion therapy series, 22 patients (Rider and Hasselback, 
1968); 5, clinica) group III accident patients (Thoma 
and Weld, 1959, with newer cases added); 6, Pittsburgh 
accelerator accident patient (E.D. Thomas, 1971; Weld, 
1975); 7, 37 leukemia patients (E.D, Thomas, 1975); 

8, "best estimate" of the Biomedical and Environmental 
Assessment Group at the Brookhaven Na ional Laboratory. 
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Figure III-2 Dose-response curves for yttrium-90 


* 
and yttrium-91. +9) 


~———__——_ 
Yttrium-90 and 91 were the isotopes used in 
the experiment. The curve is equally valid 
for other radioactive materials. 
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CHAPTER IV 


TRANSPORT IMPACTS UNDER NORMAL CONDITIONS 


Introduction 


Normal transrort of a radioactive material involves a wide 
range of events which can have environmental consequences. To 
make the source of these consequences clear, the sequence of 
events in shipping a radioactive material must be considered. 
First the material is placed in an approved package, the 
radiation exposure levels are noted, the package is labeled 
with the appropriate information, a shipping bill is prepared, 
and the package is put aside until the transportation process 
begins. From the moment the package begins moving toward its 
destination, it becomes a part of the subject of this assessment. 


This process is shown schematically in Figure IV-l. 


The sequence may take one of several forms. The package 
might be loaded directly onto a vehicle which will take it to 
its ultimate destination. However, it is more likely that it 
will undergo a “secondary" mode of transport, that is, a 
truck or light duty vehicle will take the package to a terminal 


where it will be part of a sorting process and assigned with 


other parcels to a primary vehicle. This vehicle will take 
it to a terminal near its destination where it will undergo 
additional secondary mode transport in getting to its 
ultimate destinaticn. 


Another possible aiternative is that the package will be 
picked up by or delivered to a ‘ireight forwarder who will in- 
clude it in a shipment to a spe::ific place. This shipment wiil 
consist of a large number of packages obtained from a number of 
different shippers. When the shipment arrives at its destination, 
it is separated into individual packages which are delivered to the 
consignees. 


FIGURE IV-1 


Schematic of Transport 
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Handlinas 2 + Intermediate + Intermediate 9 + Intermediate 


Naturally, there are various combinations of these three 
basic transport scenarios,but the shipp‘ng industry is modeled 
from these basic scenarios. The basic picture indicated in 
Figure IV-l is independent of the primary mode of transport (air, 
rail, water,or truck) and thus allows some generality in the 
discussion of the events associated with radioactive material 


transport. 


One method of representing the process by which an environ- 
mental impact is produced is devicted in Figure IV-2 which shows 
a portion of the logic model for the normal transport of radio- 
active material. The activities leading to the first tier event, 
Nl, indicate the numerous pathways and events which lead to an 
environmental impact. The letter in the lower right in each box 
represents the appropriate section of the text which discusses the 


event or required input information. 


Normal transport as defined here includes the processes 
described above and shown schematically in Figure IV-2 by events 
N2-1 to N2-4. When transport occurs in a timely manner with the 
package arriving at its destination undamaged and the radioactive 
material intact, it is defined as normal transport. However, 
normal transport also includes the less frequent cases where 
shipment may not be timely, or the package is damaged, or the 
contents are lost or destroyed. These latter cases are parts 
of the routine shipping cycle, and assessment of their environ- 
mental impact is included in Part F of this chapter. The 
remaining events on tier 2 of Figure IV-2 are considered in the 


following sections of this chapter. 


Radiological Impact on Flora and Fauna 


The principal emphasis of this study is direct impact upon 


man and his environment. But, as indicated in the logic model, 
there are impacts upon flora and fauna (event N2-2), upon objects 


(event N2-3), and indirect impacts on man (event N3-2) which must be 
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considered. These effects are judged to be very small in the normal 
transportation case. Event N3-2 is judged to be negligible since no 
credible mechanism exists for an indirect radiological effect, 
except through the food chain and by activation mechanisms. The 
tood chain avenue is foreclosed in the normal case by package 
containment; radiation outside packages is sufficiently low that 
activation of structures surrounding man is unlikely. Exposures 

to casually-exposed life forms are so low as to present no 
significant impact. 


Radiological Impact on Objects 


The principal radiological impact on objects (N2-3) is to 
unexposed photographic films. Spacing regulations between radio- 


active mate:ial pacyages and film minimize this problem. 


4 Radiologicai Impact on Man 


The principal mechanism for producing environmental impact 
during normal transportation events is direct radiation to nearby 
persons from the radioactive material in the package. This mechanism 
is shown as event N3-1 on Figure IV-2. This event and those leading 
to it in normal transport are characterized as allowing no breach 
of packaging and no spread or leakage of the package contents. 

Only those radiations which can escape from the package, namely 
electromagnetic radiation and neutrons, produce an environmental 
effect. For conservatism, no shielding from uildings or vehicles 
is considered in this report. 


Because the radiation dose rate decreases rapidly with 
increased distance from the package, objects closest to a 
package receive the largest radiation dose rate. Thus, 
people who handle the package directly (such as loaders, dock 
workers, and baggage handlers) receive the highest dose rates. 
However, these exposures are for very short periods of time 
and generally do not result in appreciable doses. Specific 
consideration of the dose to handlers in all transport modes 
is addressed in Section G of this chapter. 


Iv-5 


Those who work in the vicinity of the package (but do not 
actually handle it) or who are transported with it, are subjected 
to a lower dose rate but for varying and longer lengths 

of time. By-standers along a travel route are farther from the 
package and are subjected to even lower dose rates, but the time 

of exposure depends on the characteristics cf the transportation 
mode. The product of dose rate and exposure time summed for all 
exposed individuals is the principal indicator of the environmental 
impact to man. In the normal case the events producing this impact 
occur in tier 6 of Figure IV-3, for example, and are common to 

all modes and sub-modes of transport shown in tiers 4 and 5 on 


Figure IV-2 through IV-6 


For the purposes of considering only direct radiation hazards, 
the most important characteristic of a package containing radio- 
active material is the transportation index (TI defined in Chapter II). 


The radionuclide and the characteristics of the packaging material 


a. ee 


are of little importance in evaluating the impact in the normal 

case. However, these characteristics of the packaging and radio- 
_ive material may govern whether the material can be shipped by 

a given transport mode and may limit the total number of packages 


on a given vehicle. 


Evaluation of the radiological impact of normal transportation 
requires data on radionuclides shipped, TI per shipment, trans- 
port mode used, distance shipped, routes used, populations exposed, 
and speed of shipment, to name the principal variables involved. 
Data relating to the materials and qiantities shipped, transport 
mode, and distance traveled are given in Table IV-1 for the stan- 
dard shipments shown in Chapter I. Other information used in the 
analysis of normal transport are shown in Appendix E together with 


the expressi a. for population dose in which the parameters are used. 


Various shipping modes have different characteristics with 


respect to sp2ed, location of by-standers, carriage of passengers, 
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rIGURE IV-3. Logic Model for Air Transport Mode 
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FIGURE IV-5. Logic Model for Rail Transport Mode 
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TABLE IV-l1. Baseline Shipment Information 
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and other factors which affect exposure of people to radiation 

from shipments. For that reason each primary mode shown in 

Figure IV-2 (4th tier) will be considered separately when assessing 
environmental.impact. For most primary modes there will frequently 
be a secondary transport mode associated with moving the package 

from the shipper to the primary mode terminal and from the end 

point terminal to the receiver. This secondary transport association 
with all modes is considered separately in the Section related to 


Truck, Light Truck and Delivery Vehicles (D.2-2). 


D.1 Transport by Air 

The generation of environmental effects from radioactive 
material transport by air is shown schematically in Figure IV-3. 
Discussion of the environmental impact will be divided into five 
subsections, relating to the principal transport mode: commercial 
air passenger service (N5-1), commercial air cargo service (N5-2), 
other fixed wing modes (N5-3) such as air taxi and corporate 
aircraft, helicopter (N5-5), and lighter-than-air craft (N5-6). 
The latter two are currently being discussed for possible use for 


certain specialized transport problems. 


D.1-l1 Transport by Passenger Aircraft 
As indicated in an earlier section, shipment of radioactive 


(1) 


materials in passenger aircraft is limited by statute to those 
isotopes intended for either medical or research use. The 
environmental impact of transporting these materials has been 


covered in great detail by an FAA study '7) 


prior to a rule-making 
proceeding under consideration. The FAA study contains a very 
detailed description of the way radiation doses were estimated 
and how the total population dose (in person-rems) was calculated. 
That presentation will not be repeated here since the study is 
available to interested readers. The procedure used is shown 
schematically in tiers 6, 7, and 8 of Figure IV-3. The salient 


facts from the study are presented in Table IV-2. 
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TABLE IV-2 


Population Dose and Individual Dose Estimates for 
Passenger Aircraft Shipments of Radiopharmaceuticals 


Total Passengers per Year 
Exposed Passengers per Year 
Number of Flights per Year 


Total TI Shipped per Year 


Population Doses (ee), 
Passengers 
Crew 


Cabin Attendants 


Individual Doses (==): 


Passenger in most 
exposed group 


Crew 


Cabin Attendant 


(3) 


* Based on 1973 shipper survey airline survey, and i371 


Airline Traffic Data 
(2) 


** Based on 1975 estimated shipping and ALPA embargo limits 


—— nme ar ee 


eee oe re 
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This table contains entries taken from the FAA study, as well 
as those from Reference 3, and information obtained directly from 
the National Transpo; cation Safety Board (NTSB). The first column 
represents the dose estimate and other shipping information for a 
period in 1972-73 when the data were obtained. At that time there 
were some 4 x 10° radioactive material packages transported 
annually by passenger aircraft, and the total population exposure 


was estimated to be about 1470 person-rem annually (Table IV-2). 


The second column is estimated dose and shipping data for 
early 1975 based on an informal industry survey and by use of the 
conversion factor derived by Barker, Hopkins and tse ‘?) from 


exposure data and consideration of airline traffic information. 


In the FAA study the dose values for passenger, crew, and 
cabin attendants shown in Table IV-2 were calculated using the 


following expression: 


3 
person-rem/yr 


Population Dose = Np p Np RTF*Kp ppy “TI L/V x 10 


Here N number of people per flight 


P/F 


number of flights per year 

radioactive material traffic factor, that is, the 
number of flights carrying radioactive material 
(RAM) divided by the total number of flights. 
conversion factors between mean passenger dose 

rate and TI's aboard the flight (in millirem/hr/TI). 
the mean number of TI's shipped on a flight. 

mean distance per flight (miles) 


vehicle speed (mph). 


This expression relies heavily on + 1e empirical observation 


by Barker, Hopkins, and Tse ) chat mean exposure (for passengers 


primarily) was dependent directly on the TI contained in the 
aircraft hold and was only weakly dependent on geometry and 


other factors. 


This expression can be used with mean values for the quan- 
tities involved to get a mean transport dose. By appropriate 
use of data for specific flights or specific airports, more 
detailed estimates of the variations in population dose can be 
obtained. For the purposes of calculating total population dose 


in this study, the product N,, “RTF was replaced by the number Ns 


F 
of radioactive material shipments per year and L was redefined 
as the mean number of miles each shipment traveled. Thus the 


expression reduces to: 


Populaticn Dose 


hee ; er a -3 { person-rem 
= Np sp >/TI Ng*TI L/V x 10 ( yr ) (1) 


D.1-1.1 Passenger Dose Commitment. As indicated in Table IvV-1l 

only radiopharmaceuticals are considered to be transported by 
passenger aircraft. The materials considered and the parameters 
used in the calculation ere shown in Table IV-3. Using these 
parameters in Equation l yields a passenger dose of 866 person-rem/ 
per year which compares favorably with dose 2stimates in Table I¥-2. 
The discrepancy between the values is traceable to differences 

in number of passengers per flight, flight duration, and TI 


shipped. 


D.1-1.2 Dose to Cabin Attendants. Calculation of the dose to 
cabin attendants was calculated in the same manner as the dose 

to passengers. The nu‘iber of flight attendants exposed per flight 
was estimated to be four, and the dose conversion factor used 

was that suggested by Barker, 0.028 mrem/hr/TI. The latter 

factor is an average over the cabin length and acknowledges that 
the attendant moves throughout the cabin during the flight. The 
total person-rem accumulated by attendants over the course of a 


year was found to be 54 person-rem/year. 
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TABLE IV-3 


Shipment Perameters for Calculation of Population 
Dose for the Passenger Air Shipment Mode 

Transport Parameters: 

Mean Speed (mph) 

Passengers/Flight 

Cabin Attendants/Flight 

Crew/Flight 

Ky spr (mrem/hr/TI) (passengers) 

Kp str (cabin attendants) 
(crew) 


Kp/TI 
Stop Time (hrs) 


Population Density at Stops (people/mi”) 


Material Parameters: 


Material TI/Shipment Distance/Shipment Shipments/yr 
(miles) 4 
TC 99 m 0.3 1000 3.8 x LO 


1-131 (small) 2.4 1000 3.3 x 10° 


Mc-99 (small) ‘ 1000 ae. 104 


RAPH (sma!1) ‘ 1000 2.3 x 104 


Total TI shipped/yr = 2.1 x 10~ 


D.1-1.3 Dose to Crew. Crew members on passenger aircraft are 
often located away from radioactive materials packages. The 


common practice of storing packages in the rear baggage holds 


’ results in a cockpit dose rate which is very small. The 


positive effects of this practice are clear from the work done 
by Barker et ar. *?? in defining radiation exposure to flight 


In most cases radiation was undetectable when radio-~ 


crews. 
. active materials were stowed in the aft baggage compartment 
some 20 meters away. On two trips the dose rate was 0.1 mrem/ 
" hr while on 140 other trips the dose rate was undetectable. 


Using a dose rate of 0.001 mrem/hr/TI for crew (which is 
suggested by Barker's data) together with the assumption of 
three crew members and with the remaining parameters unchanged 
from those used in the passenger analysis, an estimate of 


1 person-rem/yr to the crew is obtained. 


D.1-1.4 Dose to By-Standers During Stops. During aircraft stops 
the population surrounding the aircraft both within and outside 
the terminal building is exposed to radiation from the radio- 
active material packages that the aircraft contains. This 


exposure is estimated using the following expression: 


By-stander Dose = 3.1 x 10” *P+T-TI°N, (person-rem/year) (2) 


where 
P = population density within one-half mile of the 
aircraft (people/mi7) 
T = average duration of stop (hours) 
TI = the TI/shipment ts 
. No = number of shipments per year. 


This expression is derived from a relation given in Reference 5. 


The details of its application are shown in Appendix E. 


The actual population density used in this expression is 
difficult to estimate because of non-uniformity in the dis- 
tribution between terminals and apron areas. Using the values 
given in Table IV-3, the population dose to by-standers during 


stops is estimated to be 64 person-rem/yr. 


D.1-2 Transport by All Cargo Aircraft 


Transport of radioactive materials by air cargo is more 
common now than during the 1973 shipping survey. Major radio- 
pharmac*utical manufacturers and other radioactive material 
users and shippers have stated (during an informal Survey) that 
the Air Line Pilot's Association embarao against radioactive 
material shipments on passenger aircraft had forced them to 
shift significant quantities of material to air cargo and 
package express airlines. Radioactive material shipments were 
shifted to truck where distances were short enough to make 


prompt delivery possible. 


The amount of material that can be diverted to air cargo 


aircraft is limited since cargo flights are only about 0.2 


percent of total air traffic. ‘4) In addition, there are only 


a limited number of airports that are large enough to support 
the freight handling facilities necessary for efficient 

loading and unloading of air freighters. Thus, the destinations 
of packages sent by air cargo are limited to a relatively few 


select terminal areas. 


The principal environmental impact from normal transport of 
radioactive materials by cargo aircraft, as in the passenger air- 
craft case, results from the penetrating gamma and neutron radiation 
from radioactive material packages. In a cargo aircraft radio- 
active materials are required to be placed at least 7 feet 
from the crew compartment, but are usually placed at the 
farthest point from the crew compartment. Although the dose 
rate for -rew exposure under the regulations could be as high 
as 0.3 mrem/hr/TI, the value for passenger flights, 0.001 mrem/ 


hr/TI, was taken to be more realistic. 
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At the time of this report, two cargo carriers were operating 
under an FAA waiver which permitted carriage of up to 200 TI per 


aircraft on specific routes and for a specific time period. This 


increase in the allowable TI has the potential for increasing 


the exposure to individual members of the crew, but stowage 
requirements are used to minimize the dose rate in the crew 
area. Table IV-4 shows the standard shipments for the air cargo 


mode and the appropriate transport parameters for calculation. 


D.1-2.1 Dose to Crew. Crew exposures were calculated using 
Equation 1 with the parameters listed in Table IV-4 and summed 
for all the material shipments considered. The value calculated 


was 1 person-rem to crew per year. 


D.1-2.2 Dose to By-standers during Stops. By-stander dose 
from the air cargo mode was calculated for the time required to 


unload or add cargo to the freighter aircraft. Because freight 
operations usually occur in areas away from the main terminals 
the population density may be lower than that for the passenger 
air case, but the same population density is used for this 
calculation. Using Equation 2, the by~stander dose was estimated 


at 60 person-rem/year. 


D.1-3 Transport by Other Fixed Wing Modes 
The movement of radioactive materials by other fixed wing 


modes such as corporate aircraft is covered by the same general 
rules as those which govern cargo aircraft. An informal survey 
suggests that some materials do move by this mode, particularly 
in the oil well logging industry. The environmental impact is 
determined in essentially the same way as in the air cargo mode 
except that the aircraft are usually physically smaller than 
the typical cargo aircraft and therefore do not permit as large 


a spacing between the crew and radioactive packages. 


TABLE IV-4 


Shipment Parameters for Calculation of Population 
Dose for the Air Cargo Shipment Mode 
Transport Parameters: 
Mean Speed (mph) 
Crew/Flight 
Kp /TI (crew) (mrem/hr/TI) 


Stop time (hrs) 


Population Density at Stops (people/mi”) 


Material Parameters: 


Material TI/Shipment Distance/Shipment Shipments/Yr 
1-131 (small) 2.4 1000 2.4 x 10° 
Ir-192 R.M. 4 1000 Pe Pape» 
Pud. 2 2000 freee 
Mo-99 (large) ‘ 1000 he 
Mo-99 (smail) : 1000 

I-131 (large) ; 1000 

RAPH (large) ‘ 1000 


RAPH (small) , 1000 


Total TI shipped/yr = 2 x 10° 


The quantity cf material transported by other fixed wing modes 
is estimated to be no more than one percent of that transported 
by all cargo aircraft. However, the dose rates to crew members 
are expected to be greater than for cargo aircraft because of 

the aircraft size, and are taken to be four times larger. The 


result is an estimated total annual dose from this mode of 2 


person-rem/year. This dose is negligible compared to, the values 


calculated for other air transport modes. 


D.1-4 Transport by Helicopter 

Helicopter as a mode of transport for radioactive material 
is not widely used. No commercial use by common carrier was 
discovered as a result of conversations with industry represen- 
tatives. However, use of corporate helicopters for transporting 
radioactive material was found to have occurred. One common 
usage is in the transfer of well logging sources to offshore 
drilling rigs operated by oil compar . The actual extent of 
such transfers is unknown, but a thousand such transfers per 
year is considered to be typical. For a two-man crew, a one-hour 
flight time, and a dose rate of 2 mrem/hr at occupied positions, 
a possible dose commitment of about 4 person-rem per year is 
obtained. This is a comparatively small population exposure 
and a negligible fraction of the total population dose for air 


transport. 


Additional usage of the helicopter as a secondary mode is 
being discussed for transport of Special Nuclear Material (SNM), 
that is between a terminal (either air, truck, or ship) and the 
user/sender. However, this use is onl; a possibility and can 
only be discussed in those terms. The impact of such use is 


evaluated in Chapter VI. 


D.1-5 Transport by Lighter-Than-Air Vehicle (LTA) 
As stated in the previous section relating to helicopters, 


LTA is also being discussed as a possible transport mode for SNM 


because of possible security and safety advantages over other 
primary and secondary modes. There is no current use of LTA 
vehicles in radioactive material transport, but contemplated 
use for SNM shipmencs would result in an annual population dose 
not exceeding one percent of that resulting from all transport 


by air-cargo, or 2 person-rem/year, a negligible dose. 


D.1-6 Storage Associated with the Air Transport Mode 


The radioactive material package may be considered to be 
in storage between being offered for shipment and being placed 
aboard an aircraft and again after removal from the aircraft 
but before transfer to a secondary mode vehicle for delivery to 
its final destination. Storage areas are typically on or near 
the airport grounds and are part of the airline freight handling 
facilities where people may be working in the area surrounding 
the package. Terminals visited during the course of this study 
had a specific location set aside for such packages, but the area 
was not well isolated from the general work area. If it is 


assumed that the uniform population density surrounding the 


package is approximately 1000 people per mi? and that the package 


is in such an area for a total of two hours before, during 
(aircraft change), and after a flight, then the population dose 
as estimated using Equation 2 is 479 person-rem/year for the 


combination of shipments shown in Tables IV-3 and IV-4. 


The principal component of this exposure is that related 
to radiopharmaceuticals having relatively short half lives which 
must be moved as promptly as possible. The two-hour exposure 


time is likely to be appropriate for this type of shipment. 


D.2 Surface Transport by Motor Vehicle 

With an estimated 60 percent of all radioactive material 
packages moving by air, the remaining packages, an estimated 
240,000, are divided between the land (truck and rail) and water 


transportation modes. The exact split of this traffic between 


land and water modes is largely unknown at this time. Comple- 
tion of the 1975 shipper survey should provide a reasonably 

good estimate of the total movements of materials in the long 
distance trucking industry. Some of these truck shipments 
result from a shift of 15 percent of the total radioactive 
material traffic away from the air mode as a result of the 

ALPA embargo and the Transportation Safety Act of 1974. These 
shipments were probably shifted from air to the next fastest 

and direct mode, truck. While a number of truck shipments 

are likely to be dominated by radiopharmaceuticals, the weight 
capabilities of trucks mean that a substanial fraction of 

those radioactive materials requiring massive shielding also 

san be shipped by truck. These lat*er shipments are relatively 
few in number and are associated with fuel cycle wastes, irradi- 
ator sources, and other high specific activity or large quantity 


sources. 


An additional source of truck traffic is secondary mode 
transportation between a common carrier's terminals and shippers 
or receivers. It is assumed that almost 100 percent of the pack- 
ages not carried by trucks in the primary mode (that is, not 


loaded directly into a long distance hauler for direct delivery) 


are carried in a secondary mode by trucks, light duty vans, or 


automobile. In general, this mode of travel is likely to be asso- 
ciated with slower speeds and larger population densities than 
the inter-city truck routes. Therefore, the total volume of pack- 
ages moved in secondary transport will be high but total miles 
traveled will be low. This facet of the surface transportation of 


radioactive material is addressed in section D.2-2. 


D.2-l1 Transport In Trucks 

The principal mechanism for producing environmental impact 
from truck transport of radioactive materials is by direct radi- 
ation to handlers, crew, and by-standers. Here, in contrast to 


the passenger aircraft case, there are no passengers to be exposed 


to the radiation, but the public is exposed during passage of 
the vehicle. While in most cases people are exposed for a 
relatively short duration, the number of persons who can be 
exposed may become very large during a trip of considerable 
distance. An additional contrast with air transport is posed 
by the fact that people are also exposed while a truck is 
stopped for meals, crew rest, repair, and refueling. Because 
access of these people to the area around the vehicle is not 
limited as in the case of air shipment, the potential for 


exposure is higher. 


D.2-1.1 Calculations of Population Exposures. To estimate the 
population dose from shipments by any land based mode, it is 
necessary to calculate the radiation field surrounding the 
vehicle and the dose received by persons moving and stationary 
in this field. This sort of calculation has been carried out 


in Appendix E using results from Reference 5. 


D.2-1.2 Dosage to Truck Crew. Maximum dose rates for motor 


carrier drivers are established by package separation distance, 


but are considered to be no more than 2 mrem/hr for any portion 


of the vehicle continuously occupied by people. Since the crew 
is assumed to be in the cab only during periods of actual 
travel, the hours of exposure are approximately those during 
which the shipment is moving. Thus, the dose received by the 
truck crew is given by: 


J) 


Dose + a] = ty . . . . . . } ~ 
o Crew N. L/V dD. Gd No Kp/ Tt (person-rem/yr) 


where 
Average crew per truck 
Miles/shipment travelled 
- Mean shipment speed (miles per hour) 
Dose rate in crew compartment mrem/hr (2 mrem/hr max) 
= TI to dose rate conversion (mrem/hr/TI - such 
that Kp yor* TI $2 mrem/hr) 


Number of shipments per year 


Mean TI per shipment 
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When K is evaluated for shipment in interstate trucks, a dose 


rate st MEIER: 0.15 mrem/hr/TI is estimated from Figure E-1l 

in Appendix E for a distance of 10 feet between the cab and the 
package being transported. Since this is likely to be a minimum 
distance between package and crew, the dose to truck crews calculated 
in this manner is a maximum. At a distance of 30 feet the dose 


rate is reduced by a factor of 8 to 0.02 mrem/h~/TI. 


The remaining parameters for evaluation of the above expression 
are contained in Table IV-5. The total crew dose is obtained by 
summing over the materials shipped and the speed-time combinations. 
Using two dose rate values given, the resulting exposure to a 
two-man crew is estimated to be as large as 705 or as small as 


60 person-rem per year. 


D.2-1.3 Dose to Population Surrounding the Moving ‘ehicle. The 
estimation of the population dose from the moving vehicle is com- 
posed of two principal components: that resulting from the exposure 
of other vehicles occupying the transport link (on-link) and that 


to surrounding population (off-link). 


In the former case, the dose is divided between that to on- 
coming and following traffic. The combined dose to those groups 


is given by Equation 3, which is derived in Appendix E. 


On-Link Population Dose = 2.5 x 10° 


7 _KNS -D *L-TI-N (2ezsOn~ren) 
™m Ss 


VqrVs year 
Here Traffic density factor ~ 2 daytime = 4 xuch hour 


Daily traffic counts on roadway (vehicle/day) 
Number of people per vehicle 


Traffic speed (miles per hour) 
Shipment speed (miles per hour) 


Mean dose rate to following and oncoming vehicles (mrem/hr) 
0.14 mrem/hr for 2-lane highway 

0.09 mrem/hr for 4-lane highway 

0.07 mrem/hr for 4-lane divided highway 
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Shipment Parameters for Calculation of Population 


TABLE IV- 


5 


Dose for the Truck Transport 


Transport Parameters: 


Speed (miles per hour) 
Distribution of Travel Distance 
=) 


Y: 
mi 


Population Density( 
Duration of Stops (hours) 
Traffic Distribution 
Fraction in Rush Hour 
Fraction in Non-Rush Hour 
Roadway Distribution 
Fraction -2 Lane 
Fraction 4 Lane 


Fraction Freeway 


Material Parameters: 
I-131 (small) 
Ir-192 Sources 
Pu0. 
Mo-99 (large) 
Mo-99 (small) 
SFFP 


RAPH (small) 


High Population 


Areas 


5 
0.05 


10,350 


0.08 
0.92 


0.10 
0.10 
0.80 


TI/shipment 


2.4 


Total TI shipped = 


Distance/shipment 


Dey Oo 10° 


Mode 


Medium Population 


Areas 


25 
0.05 


0.08 
0.92 


0.10 
0.10 
0.80 


600 


1000 


2000 


250 


600 


1000 


600 


Low Population 


Shipments/yr 
6. 


6. 


Areas 


4 


6 


oO 


oO 


- 08 
a 


-10 
10 
-80 


2n 


L = Miles travelled/shipment 
TI 


ll 


TI/shipment 


Zz 
i] 


S Number of shipments/year 


Consideration of the many possible traffic patterns makes realistic 
evaluation of this population dose a complex problem. The traffic 
mix indicated in Table Iv-5 consisting of 80 percent freeway and 

20 percent urban and suburban streets with 8 percent rush hour 

and 92 percent non-rush hour travel, when summed over all material 


shipments, yields a population dose of 16 person-rem/year. 


The second component of the dose to population surrounding 
the moving vehicle is that to persons living and working in 
areas surrounding the transport link. The dose to these groups 


is given by Equation 4 which also is derived in Appendix E. 
Off-Link Population Dose = 3.1 x 107! -P+L-N. + TI/V, (4) 


The quantity P is the population density (persons/mi*) surrounding 
the transport link,and other factors are as defined previously. 
Using the data given in Table IV-5 and summing results over 
components of the travel and materials shipped yields approximately 


1042 person-rem/yr for this component of the population dose. 


Neither off-link nor on-link results account for the 
effects of shielding which would act to mitigate the population 
dose. Shielding is likely to be most effective in cities where 
buildings are constructed from relatively good radiation absorbers, 
such as concrete and steel, and in hilly terrain where topographic 
features provide shielding. If such shielding effectively limits 
the area irradiated to 300 feet on either side of the roadway, 


the off-link population dose would be decreased by a factor of 2. 


D.2-1.4 Dose to Population While Vehicle is Stopped. An 


estimate of the population dose received while the vehicle is 
stopped is obtained by assuming that half the travel time is spent 


at rest. Some states do not allow shipment of radioactive 
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materials at night, and the need for fuel and food takes additional 
time away from the trip. Actual travel is assumed to consume approx- 
imately 8 hours per day. The assumpt.. ..s shown in Table IV-5 
regarding the length of stops in the various populated areas shown 
result from the observations that fuel stops and rest areas re 
often in suburban areas or in areas which have higher than ie 
local average population. The expression used for calculation of 
the population dose for a given stop time, T, per shipment is 

given by a variant of Equation 2 in which the product of P and T 

is weighted as shown in Table IV-5. Evaluation of the expression 
yields 721 person-rem/yr from rest stops involving trucks carrying 
radioactive materials. Again, the effects of shielding by build- 


ings and terrain might reduce this value by a factor of 2. 


D.2-1.5 Dose Resulting from In-Transit Storage. At the begin- 
ning and end of the transport cycle and at intermediate terminals, 


radioactive material packages may be stored temporarily while 
awaiting a truck which is proceeding to the final destination. The 
potential exists, therefore,for irradiation of truck terminal em- 
ployees and surrounding population during these periods of tem- 


porary storage. The population density in the area exposed is 


taken as 1000 person/mi~ (similar to the air shipment storage 


calculation). The population dose is calculated using Equation 2 
for the materials listed in Table IV-5 and for a storage time of 
two hours. The resulting population dose for in transit storage 


is found to be 1g3 person-rem/yr. 


D.2-2 Truck, Light Truck and Delivery Vehicles 
This transport mode makes up the principal part of secondary 


transport. All radioactive materials that are shipped by air,al- 
most all that is trucked from city to city, almost all that goes 

by rail, and almost all that goes by water are handled by light 
truck and private and company cars in a secondary mode. Most 
driving is to freight terminals associated with cities, and thus 

the population densities are relatively high and the speeds achieved 


are relatively low. 


Using the calculational structure developed for the truck 
mode with the material and transport parameters shown in Table 
Iv-6, the following estimates of population dose to the indicated 


groups are calculated; 


1. dose to crew (1 person) = 14 person-rem/yr. 

2. dose to surrounding population (on-link) = 134 person-rem/yr. 
3. dose to surrounding population (off-link) = 3866 person-rem/yr. 
4. dose to surrounding population (stopped) = 580 person-rem/yr. 
5. dose to surrounding population (intransit storage) = 448 


person-rem/yr. 


The total population dose is estimated to be approximately 5042 


person-rem/year. 


D.3 Rail Transport 
The methods used for calculating the impact of transport by 
rail are similar to that for truck transport because of similar- 
ities in route structure and services areas. Both rail rights-of- 
way and railroads pass through populated areas. The major differences 
between truck and train are in the speed of transport (train is 
generally slower) and the proximity of population exposed on the 
rail link. Although the speed of a freight train while moving 
through the country side is reasonably fast, the need to enter 
sidings: oc ‘asionally to allow faster trains to pass and to pick 
up and drop off cars reduces the mean speed considerably. This 
results in a longer time for exposure of the public to radiation. 
Where passenger trains pass or are passed, a population dose is 
incurred in a manner analogous to that received by other vehicles 


using the highway in the trucking mode. 


D.3-l1 Transport by Freight Trains 


Because of slowness and special capability for handling 
massive loads, the principal materials shipped by railroad are 


expected to have long half-lives or require special shielding such 
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TABLE IV-6 


Shipment Parameters for Calculation of Population Dose 
for the Delivery Vehicle Transport Mode 


High Medium 
Population Population 
Transport Parameters: Areas Areas 
Spee 
Distribution of Travel Distance 
Population Density (22B: ) 
mi2 
Stop Duration (hr) 
Traffic Distribution 
Fraction in Non-Rush Hour 
Fraction in Rush Hour 
Roadway Distribution 
Fraction on City Streets 
Fraction on 2 lane 
Fraction on 4 lane 


Fraction on freeway 


Material Parameters: Ti/shpt. Distance/shpt. Shipments/yr. 


Tc-99 50 ; 104 


0.3 

I-131 (small) 2.4 200 ; 10 
I-131 (small) 2.4 50 : 10 
Ir-192 R.M. 4 50 : 10 
Pud, 50 10 
Mo-99 (small) ; 200 «6 % LO 
Mo-99 (small) 50 ; 10 
SFFP 50 : 10 
RAPH (small) : 200 104 
RAPH (small) 50 104 


4 
4 
2 
2 
4 
4 
2 


Total TI Shipped = 4.0 x 10° 


as spent fuel. While no specific information is at hand to 
suggest that radioac*ive materials are not shipped on passenger 
trains, no evidence of such use was discovered in an informal 


survey of the industry. 


D.3-l1.1 Exposure of Train Crew. In the average freight train there 
are approximately 60 cars. AS a result, the proximity of train 
crew to a car carrying radioactive material is agifficult to 
quantify except on a statistical basis. While the train is in 
motion, a brakeman or flagman in a caboose may be as close as 

10 feet or as far as several hundred feet froma radioactive 
shipment. If the latter condition occurs, a great deal of 
intervening cargo will act to shield the crew car. Similar 
arguments can be made for the engine crew so long as there is 

only one shipment per train. If there is only a single cargo 

car making up the train, the engine crew and caboose crew will 
experience similar dose rat2s. The calculation of the dose received 
by the crew proceeds in a manner similar to that used for trucks. 
The expression (Equation 1, restated): 


Crew Dose = ° . Do ° No 


must be evaluated using the shipment data appearing in Table IV-7. 


A value of 0.1 mrem/hr for D_ was obtained from Figure E-1 of 


Appendix E and was based on a separation distance of 120 feet 
between any space occupied by crew and the radioactive material 
shipment. Evaluating the expression shown with the data shown in 


Table IV-7, yields a crew exposure estimate of 7 person-rem/yr. 


D.3-1.2 Exposure of Surrounding Populatior. The expos estimate 
to surroundings is composed of that to those on the tr. it link 
and to those surrounding the link. Those exposed on the transport 
link are passengers on trains or freight train crews who pass or 
who are passed by a train carrying radioactive materials. 


Equation 3 for the on-link data is: 


TABLE IV-7 


Shipment Parameters for Calculation of Population Dose for the Rail Mode 


High Medium Low 
Population Population Population 

Transport Parameters: Areas Areas Areas 
Speed (mph) LS 45 60 

Distribution of Travel Distance 0.05 0.05 0.9 
Population Density (Pecrss | 10350 1035 104 

mi 

Stop Duration (hrs) 0 0 6 
Passenger Trains (trains/day) 30 10 1 


Zt-Al 


Number of Crew-5 (2 engineers and 3 trainmen) 


Material Parameters: ____- Radiation Kiceanne Bhbnned Shpt's/yr. 
Spent Fuel 200 mr/hr at car's 1000 326 


surface or an 
effective TI of 100 
(see Appendix E) 


i oe Dan i a ss No 
at 


On-Link Population Dose = 2.5 x 10 


For application in the railroad context, K is taken to be 
unity and Da has the value for 2-lane roads (0.14 mrem/hr). The 
remaining parameters are taken from Table IV-7 to yield a dose 


smaller than 1 person-rem/year to on-link population. 


Using Equation 2 and the data given in Table IV-7, and 
summing over the population zones, a value of 366 person-rem/yr. 


to the surrounding off-link population is obtained. 


D.3-1.3 Exposure to Population During Stops. As indicated 
earlier, stops at rail sidings resulting from the need to let 


faster trains go by or to pick up additional cars are likely to 
be frequent. If it is assumed that the train is stopped 6 

hours e- h day and those stops occur predominately in low popu- 
lation density zones, the population dose (using Equation 2) is 


estimated to be 6 person-rem/yr from this source. 


D.3-2 Storage Associated with Rail Transport 


Storage associated with rail transport is expected to be 
non-existent or, at most, a minor influence on the overall 
environmental impact. For transport of spent fuel and similar 
consignments which occupy a single car, storage might be 
considered to be the time spent in rail yards waiting to be 
included in a train moving toward the final destination. In 
such a location exposed population densities are assumed to be 
100 people/mi-. If the time spent in such areas is 2 hours per 
shipment, the population dose computed by Equation 2 is 39 
person-rem/year. 


As a result of freight forwarder activities there may be 
freight car shipments of other radioactive materials which do 
not appear in the standard shipments for the rail mode. No 


allowance for such freight shipments is made in this report; 
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however, the impact would be proportional to the TI rating of 


the packages shipped in the cars. 


D.4 Transport by Water 


As a result of a paucity of information relating to the actual 
quantities of materials shipped by water, the movement of radioactive 
material by water will be given only limited consideration in this 
document. If the capabilities of water transport are examined with 
respect to the needs of the radioactive material shipping industry, 
it is clear that some materials might well be expected to appear 
in water-transport modes. Historically, water modes have been 
involved with shipments of material that were massive or bulky or 


which did not require exceptionally fast travel. This sort of 


capability fits with the need to transport spent and new fuel, 


heavily shielded material, or long half-life isotopes. 


D.4-1 Transport by Barge 


It is suspected that barge may be a method for transport of 
new and spent fuel to reactors and reprocessors located on 
appropriate waterways. The extent to which this occurs is unknown, 
but total shipments are expected to be fewer than 10. With 
relatively few people exposed at distances of 100 feet or more 
during movement and a few at each terminal, population exposure is 


expected to be negligible. 


D.4-2 Transport by Ship 


For the overseas export-import trade in radioactive materials 
there are only two transport modes available, air and ship. It is 
expected that relatively light weight (less than a few tons) or 
short half-life materials will move by air, while more massive 
and longer half-life materials will move by ship. Shipments of 
spent fuel moving from off-continent reactors to reprocessing or 


storage facilities will most certainly arrive by ship. At least 


one such shipment occurred in 1975. In addition any effective 
ban on air transport of plutonium as is currently in effect must 
necessarily mean a shift of plutonium import-export traffic to 


the water mode (one such shipment occurred late in 1975). 


The annual number of radioactive material shipments by ship 
is estimated to be 1 percent of those by both truck and rail. 
However, the number of crew and passengers on a vessel is esti- 
mated to be a factor of 10 larger than those for land modes. 
Based upon these factors, the annual dose from spent fuel and 
plutonium transport by ship is estimated to be 3 person-rem/yr., 


a negligible amornt. 


Non-Radiological Impacts on the Environment 


The non-radiological impacts from transporting radioactive 


materials are divided into 2 principal areas; area denial and 


resource use (see Figure IV-2). 


E.l Area Denial 


Shipment or storage of radivactive material imply the 
existence of areas in proximity to the material which are more 

or less unusable by man. By use of shielding and remote storage, 
however, these effects can be mitigated. Remote storage shifts 
the area denied to a place which may be less valuable or useful, 
and use of shielding substitutes use of a resource (shielding 


material) in exchange for use of the area previously denied. 


To the extent that these exclusion or exclusive use areas 
Would otherwise be used or subjected to more intense use, they 
represent some aspects of an environmental effect. The require- 
ment for more space in a terminal facility for example, and the 
use of more land, money, and resources in constructing the space 
represent an environmental impact. The magnitude of this effect 
is likely to be small compared to the basic costs of being in the 


transportation business. 


E.2 Resource Use 


The primary resource use associated with radioactive material 
transport results from the commitment of shielding material for 
construction of packages and in the use of energy to move the 


transport vehicle. The shipment of radioactive material requires 


shielding of individual packages to permit the proximity of packages 


to people and photographic materials during the transport phase. 
The construction of these packages requires commitment of natural 
resources in a manner which may or may not permit recycling and 
reuse. The principal materials for shielding are lead and depleted 
uranium. The quantities committed at any one time to use as 
shielding in transportation packaging is estimated to be 1000 tons 


of lead and 200 tons of depleted uranium. 


Reuse of lead shielding material by return of used packages 
to the shipper is accomplished (by interview with one radio- 
pharmaceutical shipper) about 50 percent of the time. In the 
remaining cases the disposition of the material is unknown, but it 
may be assumed that a significant recycling effort takes place. 
This assumption is based largely on the fact that the radioactive 
material packages are received by people who are licensed to possess 
radioactive materials and appreciate the value of reusing the 
shielding material either directly or by recasting into a usable 
form. In addition, industrial and commercial users often have an 
active salvage operation for metals of all kinds. Thus, one might 
well expect no more than 20 percent loss in lead shielding material 
per year. A significant fraction of this material will be sent to 
refuse disposal areas. The environmental impacts of this loss are 
the energy and resources necessary to replace the unreturned material 
and the presence of lead in an uncontrolled environment. The fact 
that the lead required, except that for complete replacement of all 
transport shielding, is a small increment of that produced nationally 


suggests that the influence of this environmental impact is minor. 
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Other materials such as wood, steel, fiberboard, and plastic 
are also used in the construction of packaging used to transport 
radioactive materials. Since radioactive materials constitute only 
a very small percentage of the total amount of goods transported 
in similar packages, the use of these resources for their transport 


is considered negligible. 


The second area of resource use is in the operation of 
the transportation industry itself. To transfer material from 
point A to B requires the commitment of men, money and resources 
to the job. To the extent that radioactive material shipments 
are a fraction of the total quantity of material transported, 
resource use might be prorated and charged to radioactive 
transport. However, such packages represent a trivial (1074) 
fraction of the total transportation picture and their removal 
from the transport industry is expected to have much less than a 
proportional, perhaps negligible, effect on decreasing the 


resource use of the industry. 


A somewhat different picture emerges, however, when a 
shipment cannot be handled routinely within the existing transporta- 
tion system. If, because of excessive bulk, mass, radioactivity, 
regulation, or work rules, a shipment must be handled as the sole 
cargo for transport between two locations, the resource use and 
environmental impact committed to that shipment can be identified 
with and charged to the transportation of radioactive materials. 
Such envirenmental impact items as fuel use, noise, pollution, and 
accidental injuries and deaths can be associated with such 
activities. It is expected that most sole-use operations occur 
for shipment of spent fuel for military and civilian reactors and 
for movement of large irradiator sources. Raw materials to feed 
the nuclear fuel cycle are also usually carried on sole-use 
vehicles because of their bulk rather than any consideration of their 
radioactive properties. Because the number of shipments of these 
types is so small, (see Chapter I), the impact is expected to be 


negligible. 
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Abnormal Transport Occurrences 


In each mode of transport there is a class of incidents which 


can produce additional e~posure of people to radiation and radio- 
active contamination. These incidents are considered here as a 
component of normal transportation because they do not involve an 


accident which causes damage to the shipping vehicle. 


Considered in this context are events which may com romise 
package integrity such as dropping from a height, crushing under 
a truck,or skewering by a fork truck. Other "“abnormal-normal" 
occurrences relating to packing procedures are failure to pack 
the radioactive materials properly, labeling packages with an 


incorrect TI rating (either too large or too small), failure to 


close seals properly, or incorrectly shielded radioactive sources. 


Similarly, package loss is an abnormal occurrence which may 
compromise the safe transport of radioactive materials. The 
hazards from each of these errors and occurrences are readily 
obvious in that they do produce the possibility for excess 
radiation to han -rs and to the general public. The logic 
model for analysis of these aspects of normal transportation is 


shown in Figure IV-8. 


Incidents which occur in transportation and which are 
suspected to have produced a release of radioactive material 
must be reported to the Department of Transportation (DOT) and 
the incident is investigated completely. A list of 98 reported 
incidents involving radioactive cargos was obtained from the 
DOT which covered the years 1971, 1972, 1973, and 1974. Of 
these 98 reports, 61 were received in 1974, and 1975 reporting 
rates are about 12 to 15 per month according to DOT record 
keepers. The 98 incidents are summarized in Appendix C ina 
complete list obtained from DOT. Of the 61 for 1974 and the 


15 per month in 1975, fewer than 10 percent involved an actual 
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ENVIRONMENTAL IMPACT 
DUE TO PACKAGING 
| OR SHIPPING ACCIDENT 


OR ERROR 


IMPACT FROM 
UNANTICIPATED PKG 
DAMAGE DURING 

SHIPMENT 


IMPACT DUE TO 
ANTICIPATED PKG 
DAMAGE DURING 
SHIPMENT 


IMPACT DUE TO 
IMPROPER PKG 
LABELLING 
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FIGURE IV-7. 


IMPACT DUE TO 
PKG LOSS DURING 
SHIPMENT 


Logic Model for Analysis of 
Abnormal Packaging 


IMPACT FROM 
IMPROPER PACKAGING 
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release of radioactive material, but the reported incidents 
Suggest that a certain extra risk is incurred over and above 


the exposures attained during the normal transport process. 


F.1 Improper Labeling of Packages 


One particular abnormal occurrence is mislabeling. Where 
the external radiation is less than that shown on the label by 
the TI, there would be no additional radiation exposure to the 
public, but shipment may be delayed because a transport vehicle 
has its full complement of TI's or because extra handling 
restrictions may require a larger commitment of resources in the 
shipment process. In the opposite case, there may be additional 
radiation exposure to the public, to handlers, and to others 


exposed to radiation from the package. 


How mislabeling occurs is problematical, but two possible 
reasons seem most likely: errors in determining what TI value 
to use on the label and premature release of a package for 


shipment. 


Premature release of a package for shipment is a problem 
with short half-life materials because the decay that occurs 
between labeling and actual commencement of shipping must be 
factored into the labeling process. If the time lag is under- 
estimated consistently, an extra hazard is incurred by che public 


and the industry. 


Measurements of package TI's in 1973 showed a significant 
number had more TI's than stated on the labe1.° To combat this 
problem, FAA has proposed that every package offered to the airlines 
be monitored before it is accepted for shipment. This is a 
procedure which can catch mistakes before the problem is spread 


through a large number of people. 
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F.2 Damage During Shipment (Anticipated) 


The regulations which govern transportacion and the 
standards to which packaging materials are designed suggest that 
the damage which is routinely incurred during shipment has been 
anticipated. The drop, water immersion, and crush standards, 
together with the absorbent packing required on liquid shipments 
are based upon experience in the shipping industry and are 
intended to protect against a reasonable range of normal handling 
environments. Thus, no significant additional exposure of the 


public is expected. 


F.3 Damage During Shipment (Unanticipated) 


While the packaging standards guard against release resulting 
from a reasonable range of nocmal environments, the occurrence in 
a four year period of 98 reported incidents involving radioactive 
mate~ial packages indicates that events which cause release can 
happen in the course of normal transport. The principal source of 
such incidents, as derived from normal industry surveys and the 
incident reperts, is crushing under massive pac” ges or pallets, 
puncture by trucks, or being crushed by loading machines or by the 
transport vehicles themselves. If one accepts the figures that in 


one year 61 incidents involving radioactive material packages 


occurred for 5 x 10° shipped, less than 0.02 p..cent of the packages 


are involved and only 0.002 percent actually involve a release. 


Most radioactive materials are shipped in Type A packages which 
are designed only to withstand normal conditions of transportation. 
The quantities of material released in package damaging incidents are 
expected to be on the order of 190°" of the package content. With 
this release fraction for Type A quantities of a radionuclide, and 


3 of the material released is inhaled, ingested 


assuming that 10° 
or absorbed an individual dose of about 0.5 rem/yr is expected. 


(This dose rate and release fraction are the basis of the Type A 


quantity specification for each material.) Since most handling 
accidents are likely to occur in terminal areas, fewer than 10 
people are likely to be exposed and the population exposure 
received per accident is unlikely to be greater than about 5 
person-rem/year. At the current rate of 180 incidents a year with 
10 percent involving a release, the expected population dose is 


expected to be less than 100 person-rem/yr from this source. 


F.4 Impact Resulting from Package Loss 


The principal impact resulting from package loss is irradiation 
of people in the vicinity of the package who are unaware of its 
presence or contents. To achieve such a result requires (l) a 
package to be separated from its radioactive labels if in the 
transport cycle, or (2) to be dropped off a vehicle in such a 
way that it remains hidden or is separated from its labeling. 

Either scenario is potentially serious if shielding is lost. 
The second is especially serious if a long half-life nuclide is 
involved which allows large numbers of person-rem to be 


accumulated. 


An estimate of the dose accumulated can be made using the 


following veriant of Equation 2. 


Population 
Dose 


= 3.2 420° 'P | -e ———/| ° TI. (person-rem) 


where population density (persons/mi) 
nuclide half-life in years 
time exposed in years 


package TI or exposure rate (mrem/hr) at 3 feet 
If P is 1000 persons/mi“, typical of suburban areas, where the 


presence of a package might not be quickly detected, and the 


isotope is I-131 with an 8 day half-life, the maximum population 
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dose received from a 1.0 TI package lost or mislaid is 8 x 10° 


person-rem. 


Standards for Type A packages are such that shielding will 
be maintained during a limited period of exposure to the elements. 
Even if complete loss of shielding occurred, the limits on Type A 
quantities are such that an exposure of no more than 1 rem/hour can 
occur at a distance of 10 feet. If the incident occurred in an 


area with a population density of 1000 persons/mi“, population dose 


will accumulate at a rate of 9.3 x 107? person-rem/day in the 


absence of shielding by buildings and terrain. 


The time to detect a lost package is likely to be comparable 
to the shipment time which ranges from a few hours to a few days. 
A high dose rate makes a search easier once a package loss is sus- 
pected. If the time to search and find the package is approximately 
7 days, the maximum expected population dose per loss is of t 2 
order of 0.05 person-rem. Records indicate an average of 5 losses 
per year over the last 9 years. By the reasoning indicated above 
this would result in an average population exposure of no more than 
0.25 person-rem/yr. 


F.5 Impact From Improper Packaging 


Improper packaging presents several possible hazards: 
inadequate shielding implies excessive dose rates, inadequate 
packaging implies releases, and incorrect installation of a source 
implies subsequent high exposure rates. Ordinarily, use of improper 
packaging or installation should be detected when the TI is 


determined prior to shij,ment. 


Exposure of Handlers 


Handlers of radioactive material packages receive the 
highest dose rate of any population group exposed to the radiation 


from packages but, because of relatively short exposure times, they 
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receive relatively small doses. A recent study | indicated that 


the average dose received was 2.5 x 1074 person-rem/handling/TI. 


The total population dose war estimated for each of the 
shipment scenarios using the number of handlings, the TI shipped, 
and the number of packages in each case. The total handler 


exposure was estimated to be 581 person-rem per year. 


For an individual cargo handler to be exposed to 500 mrem 
in one year, he must handle a number of radioactive material 
packages such that the cumulative TI of those packages exceeds 
2000. Radioactive material packages in this number are shipped 
only through the five airports which serve the principal 
radiopharmaceutical companies. With 190,000 TI/yr being shipped 
by air (see Table IV-2) and divided among 5 major airpoits, one 
airport may handle 40,000 TI/y. TE only 1/75 of that total goes 
to one airline this amounts to 8,000 TI/year/airline. If one 
person regularly receives shipments and does the initial sorting 
of the packages and if there is one chance in three (rotating 
shifts) of a specific individual receiving a package, then one 
individual might handle as many as 2600 TI/yr. It appears, 
therefore, that the possibility exists that a single individual 
could receive more than 500 millirem/year. This possibility has 
been confirmed for a few individuals by recent state surveillance 
studies reported to the NRC. Subsequent handlings by transport 
workers are likely to be spread over several crews; thus, exposures 
to these individuals would be lower than that to the individuals 


who do the initial receiving and sorting. 


Shipment by Freight Forwarders 


The previously mentioned state surveillance studies surveyed 
four freight forwarder locations where overpacking of radio- 


pharmaceutical packages is carried out. The average population 


exposure associated with these operations was found to be 4 


person-rem/year per location. It is estimated that there are 


no more than 10 such locations throughout the country, resulting 


in a maximum population exposure of 40 person-rem/yr. 


In summarizing the environmental impact from normal transport, 
it will be assumed that radiological impact is predominant and 
it will be summarized in some detail. The remaining impacts are 
summarized in the text and are secondary in nature. This is 
especially true when placed in the context of impacts that are 
directly traceable to the shipment of radioactive materials. 
Because radioactive materials are carried most often on vehicles 
whose prime purpose is to carry passengers or other freight, these 
secondary impacts would occur regardless of the presence of the 


radioactive material package. 


I.1 Summary of Radiological Impact from Normal Transport 

The radiological impact in terms of aniual population 
doses is given in Table IV-8 for various population and transport 
modes. Table IV-9 shows similar information but classified by 
isotope or material shipped rather than by transport mode. From 
the data contained in these two tables, the following observations 


can be made: 


The principal contributor to the population 
dose is the shipment of isotopes for medical 
use. While each such shipment emits at 
relatively low intensity, the number of such 
shipments is very large. 

The principal contributors to exposure to the 
general population are the highway transport 
modes, followed by air and rail modes. 

On the basis of person-rem per TI carried, 


the highway transport modes produce the 


TABLE IV-8 


Summary of Group Population Exposure to Radiation in Person-Rem* 
as a Result of Transport of Radioactive Materials 
by Various Transport Modes Under Normal Conditions 
-1975 Standard Shipments- 


Surrounding Population 


While Moving 


Mode Passengers Crew Attendants Handlers Off Link On Link Stops _ Storage Total 


Passenger Air 866 54 205 64 1436 


Cargo Air 97 60 392 


Truck 
(Interstate) 


Rail (Freight) 


Car and Van 
(Delivery) 


SUBTOTALS 


*All values rounded to nearest whole number 


TABLE IV-9 


Summary of Group Population Exposure to Radiation in Person-Rem* 
as a Result of Transport of Various Radioactive 
Materials Under Normal Conditions 
-1975 Standards Shipments- 


Surrounding Population 


While Moving 
Shipment Passengers Crew Attendants Handlers Off Link On Link Stops storage Total 


Mo-99 (small 333 42 21 2362 4% 694 480 4240 
I-131 (small) 12 22 1498 50 328 347 
RAPH (small) 5 657 22 144 152 
Ir-192 (source) - 9 152 62 16 
Spent Fuel 428 32 46 


Mo-99 (raw 
material) 74 uot 62 


To-99m afi y 21 27 


RAPH (Raw 
material) 


I-131 (raw 
material) 


Ir-192 (raw 
material) 


Plutonium 


*A11 values rounded to nearest whole number 


largest effect for the material carried. Values 

for each mode are shown below. 

Truck ‘ 107? person-rem/TI carried 
Secondary Modes * 10°* 

Rail ae ie 

Passenger Air 6.8 x 107? 


All Cargo Air : 1072 


When the mean person-rem/TI for secondary transport 
modes is added to that for each major mode, the 
ranking is as follows: 


Truck 107* person-rem/TI 


Passenger Air 1072 
All Cargo Air j 1072 


Rail PF 107° 


The principal indicator of population exposure 

is the TI rating of the packages shipped by any 
mode. Since TI per package is largely a function 

of the shielding provided, reduction of TI per 
package and total TI shipped will have a mitigating 
effect on normal mode exposures. 

The estimated total population dose in 1975 is 9589 
person-rem. This dose was delivered over a one-year 
period and has the same general characteristics of 


other chronic exposures to radiation, such as 


natural background. The total population at risk is 


estimated to be about 20 x 10° people, based upon 


estimates of numbers of aircraft passengers, persons 

in air terminals, and persons living within one-half 
mile of truck and van routes. Thus, the average 
individual dose is approximately 0.5 mrem/year, which 

is a factor of 200 below the average individual exposure 


from background radiation. 
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The average individual dose results primarily 


from the transportation of radiopharmaceuticals 


and medical use isotopes. This dose is a factor 

of 20 smaller than the readily accepted dose 

resulting from the use of these materials, as 

shown in Table III-3. 

For the year 1985, the volume of traffic in radio- 
active materials was projected for radiopharmaceuticals, 
spent fuel, plutonium, and irradiator sources (see 
Chapter I). While the projected growth rates in each 
sector differ, all are close to 10 percent per year, 
yielding volumes 2.6 times greater than for 1975. 
Projections of growth in population dose were made 
using the 1985 shipping estimates and the results 

are shown in Tables IV-10 and IV-1ll. Because no 
changes were made in mode split and other parameters 

in the computational model changed only slightly, 
population doses increase as expected by a factor of 
2.5 in virtually every instance. The realism in these 
projections must be examined very closely, since small 
changes in mode split have an appreciable effect on the 


population dose. 


TABLE IV-10 


Summary of Group Population Exposure to Radiation in Person-Rem 
as a Result of Transport of Radioective Materials 
by Various Transport Modes Under Normal Conditions 
-1985 Standard Shipments- 


Surrounding Population 


While Moving 
Ss Mode Passengers Crew Attendants Handlers Off Link On Link Stops Storage Total 


Passenger Air 2249 40 532 166 639 3730 


Cargo Air 252 605 1018 


Truck 
(Interstate) 


Rail (Freight) 


Car and Van 
(Delivery) 


TABLE IV-1l 
Summary of Group Population Exposure to Radiation 
in Person-Rem as a Result of Transport of Various 
Radioactive Materials Under Normal Conditions 
-1985 Standard Shipments- 


Bs: Surrounding Population 


While Moving 
Isotope —_— = 


Total 


Shipment Passengers Crew Attendants Handlers Off Link On Link ‘Stops Storage 
—>sspment. —_—assengers Crew Attendants Handlers Off Link On Link Stops Storage Total 


Mo-99 (small) 864 108 54 6137 180 1803 1246 


I-131 (small) 32 55 3392 129 902 


RAPH (small) 14 1707 57 395 
ir-192 (source) 23 5 
Spent Fuel 96 


Mo-99 (raw 
material) 


Tc-99m 
Plutonium 


RAPH (raw 
material) 


I-13l1 (raw 
material) 


Ir-192 (raw 
material) 


11013 
7219 


3164 
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CHAPTER V 
EFFECT OF TRANSPORT UNDER ACCIDENT CONDITIONS 


A. Risk Assessment 

In this chapter the accident-related risks of trans- 
porting radioactive materials are assessed. This risk ana- 
lysis depends on the probability of the release of specific 
radioisotopes and the possible effects of these releases. 
The risk to the general public from the entire spectrum of 
accidents involving the transportation of radioactive ma- 
terials is evaluated using the standard shipments model. 
The risk, expressed in terms of both person-rem/year and 
expected latent cancer fatalities is calculated for each 


« 


standard shipment. 


A flow chart for the general study method is shown in 


Figure V-l. 


The risk to the general population may be expressed 


as follows: 


unit time unit time 


P consequences a . events 
Risk pins me” bie to = Frequency . © Se eo 


’ consequences 
x Magnitude ( ey | ) 
For computation of the accident-related risks, the frequency 
term corresponds to the probability of a radioactive material 


release in a trausportation acc.dent, and the magnitude 


term corresponds to the dose in person-rem delivered to the 


ee 


Standard Transportation 
Shipments Risk 
Model 


Large Shipments 

Scenarios 
Net Radiological Overall 
Effects on Impact 


Demographic Population 


Model 


Non-Radivlogical 


Health Effects 
Effects 


Model 


Figure V-l. Flow Chart for Accident Risk Anal 


. ysis for Transportation of 
Fadioactive Materials. 


population as a consequence of the release. The probabil- 
ity of release includes the probability of packaging failure 
as well as transport accident probabilities. The direct 


radiological impact on any given individual is his exposure 


in rem. For the general population, the direct radiological 


(1) 


risk is expressed in person-rem (the dose integrated over 


the total exposed population) per year. 


The most severe accidents are generally the least 
likely to occur. However, they usualiy arouse more critical 
attention than accidents having smaller consequences but 


occurring more frequently, even though both may involve the 


same risk to the general population. Nevertheless, because 
of the interest in "worst case" accidents, selected scenarios 
involving large-quantity radioisotope shipments are aiso 


analyzed. 


In order to assess risk, it is necessary to quantify 
radioactivity release by defining accident sequences. These 
sequences are delineated in a logic model which specifies the 
various events or combinations of events which can produce 
an environmental impact. The complete logic model is dis- 


cussed in Appendix A. 


Certuin sequences resulting in environmental impacts 
can be readily identified as more likely than others, and 
these are emphasized in the risk assessment. Figure V-2 
serve to illustrate the sequences of events leading to a 
potential impact resulting from a transportation accident 
in route. The direct radiological impacts to man are iden- 
tified as the most important to consider among the possible 
contributors to the risk analysis. Indirect e: fects such as 
food-chain build-up are small, because accidents involving 
releases of radioactive materials occur infrequently. 

Figure V-3 shows that this direct impact to man may result 
from transportation by all modes. Each major transport mode, 
such as aircraft, includes sub-classes such as cargo-air, 
passenger-air, helicopter, etc., as illustrated in Figure 
v-4. Figure V-5 shows the contributors to the accident 
impact from transportation of radioactive materials by cargo 
aircraft. This impact includes the accident rate per vehicle- 
mile for accidents of a given severity, the fraction of acci- 
dents occurring in various population zones, and the dose 

due to a given release. The shipping scenario itself pro- 
vides information concerning the number of shipments per 
year, the amount of material per shipment, and the distance 


traveled by a given shipment. 
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FIGURE V-2. Logic Model of Contributors to Impacts 
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FIGURE V-5. Logic Model for Analysis of Cargo Aircraft Accidents 


The general expression for the risk in terms of annual 
h 


person-rem for a ;° 


type of shipment can be formulated 


as follows: 


number of packages in the shipment 
number of curies (grams) per package 


number of vehicle miles per year for this 
type shipment 

probability per vehicle mile of an accident 
of severity class i 

estimated release fraction for the type 
shipment being considered and for the 
accident of severity class i 


number of person-rem per curie (gram) released 


number of accident severity classes considered. 


Accident Statistics and Release Fractions 
Equation (1) shows that release of radioactive materials 
is dependent on the accident probability C; and the release 


These terms are both a function of the accident 
(2) 


fraction Ds ;% 
1) 


severitv. Brobst has classified accidents for rail, truck 


and barge into five severity categories and tabulated the 
probabilities per vehicle mile of an accident of a given 


severity for each category and ea 1mode. Accident proba- 


(3) 


bilities have also been compiled by Clarke, et al, for 


(4) (5) 1 (6) 


aircraft, motor carrier, and rai modes of transporta- 


tion. While Brobst considered only impact and fire, Clarke, 


et al, include the effects of crush and puncture. The 


ACCIDENT SEVERITY CATEGORY, 
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FIGURE V-6 
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V-9 


differences in approach to the severity classification problem 
prompted an attempt to provide a means of comparing accidents 
of one transport mode with those of another, including air~ 


craft accidents. 


In this section, the accident severity classification 
scheme used for this impact assessment is discussed and 
accident probabilities and release fractions are assigned to 
the accident severity categories for air, truck, and rail 


transport modes. 


B.l1 Aircraft Accidents 
The classification scheme devised for aircraft accidents 
is illustrated in Figure V-6. The ordinate is the speed of 


impact onto an unyielding surface, and the abscissa is the 
(4) 


duration of an 1875°F fire. The results of Clarke et al 


indicate that impact speed and fire duration are the appropriate 
parameters with which to categorize aircraft accidents. Un- 
yielding surface rather than real surface impacts were chosen 


(4) 


in order to make use of the data of Clarke et al. and to 


facilitate comparison with the regulatory standards. 


The first two impact scale divisions were chosen to 
correspond to standards for Type A and Type B packagings, 
respectively. Thus Category I impacts, equivalent to a drop 
from 4 feet or less onto an unyielding surface, should not 
produce a loss of containment or shielding in a Type A package. 
A 30 feet equivalent drop was chosen as the division between a 
Type II and Type III impact accident, corresponding to the 
Type B container test specification. The remaining impact 


category divisions were chosen more or less arbitrarily from 


the aircraft accident data compiled by Clarke 


such a way that 


95% of the impact accidents are severity Type VII or less, 
85% of the impact accidents are severity Type VI or less, 
80% of the impact accidents are severity Type V or less, 


70% of the impact accidents are severity Type IV or less, and 


60% of the impact accidents are severity Type III or less. 


The fire duration category divisions are chosen in such a 


way that, with the exception of certain category IV accidents, 
increasing the fire duration by 30 minutes is equivalent to 
increasing the impact to the next higher level. Impacts at less 
than 30 mph would not be sufficient to produce an accident of 
severity category V or greater regardless of how long the fire 
burned. The fire temperature was Pha as 1875°F to facili- 


tate comparison with previous data and to correspond roughly 


to the temperature of a jet fuel fire. 


Note that category I accidents can involve a fire of as 
much as fifteen minutes duration. A Type A package involved 


in a category I accident in which a fire occurs would not be 


required by the regulations to survive the accident without 


loss of shielding or containment. 


The fractions f. of aircraft accidents expected in each 
of the eight aircraft accident severity categories are given 

in Table V-l. The numbers under the column heading "“Unyielding 
Surface" are taken from the accident severity data of Clark 

et a.” adapted to the accident severity classification 


scheme used in this study. 
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TABLE V-l. Fractional Occurrences for Aircraft Accidents by 
Accident Severity Category and Population Density Zone. 


ACCIDENT FRACTIONAL OCCURRENCES fi 
SEVERITY Unyielding Real 
CATEGORY Surface Surfaces 
I ey ah. 
rT re: ik Pu 
III .09 .099 
IV .05 sUre 
V 03 -033 
VI s03 036 
VII 04 -022 
VIII -03 -003 
TOTAL 1.00 1.00 
nm. keei 


OVERALL ACCIDENT RATE 


i} 


5.6 x 107° 


FRACTIONAL OCCURRENCES ACCORDING 
TO POPULATION DENSITY ZONES 


Low 


05 


05 


Medium 


O01 


-O1 


accidents/mile for cargo aircraft 


High 


05 


Pa bo 


accidents/mile for passenger aircraft 


The fractional occurrences listed under the heading "Real 
Surfaces" are the results of an attempt to take into a count 
the fact that most aircraft accidents involve impact onto sur- 
faces which provide at least some cushioning «ffect and result 
in impact forces which are less severe than would occur on an 
unyielding surface. These fractional occurrences are obtained 
by de-rating those for unyielding surfaces in the following 
way. It was estimated that only 10 percent of the land area 
of the United States could be considered as "unyielding 
surfaces," e.g. rock, concrete, or rock covered by shallow 
soil layers. Thirty percent of the land area is forested, and 
the remaining 60 percent consists of soil, farmland, grassland, 
etc. The greatest mitigation in severity would be expected for 
impacts onto water, but since only about 2 percent of the 
Surfacé area of the United States is water, this is neglected. 
Impacts into forested areas are expected to be considerably 
less severe than unyielding surface impacts. Since roughly 
30 percent of the land area is forested, 30 percent of the 
accidents in each category are de-rated by two severity levels 
to take this into account. The remaining 60 percent of the 


accidents in each category are de-rated one severity level. 


The de-rating of accident severities was made beginning 
with category VIII and working back as far as category IV. No 
real surface effects were expected for categories I and II, 
Since these low-severity accidents usually occur while the 


aircraft is on the ground at the airport. 


A. sub-classification within each category was made to 
estimate the fraction of those accidents which occur in a 
given population density zone. Three zones were used in this 


assessment: low, medium, and high, and characterized by 


average population densities of 40, 400, and 4000 persons/kn2, 


respectively. Accidents of severities I and II occur at air- 
ports. Since most airports are in suburban, or medium, 
population density zones, 90 percent of all class I and II 
accidents are estimated to occur in medium density zones, with 


5 percent each in low and high density zones. 


Accident categories III-VI are expected to be mainly 
takeoff and landing accidents and thus occur near airports. 
The fractional occurrence in low population density zones 
increases somewhat with accident severity, since a greater 
percentage of category V and VI accidents occur at some dis- 
tance from the airport where aircraft speeds are usually 


greater. 


Accidents of severity VII or VIII are mainly in-flight 
accidents and are expected to occur randomly. They are very 
strongly weighted toward the rural, or low density, areas, 
since about 98 percent of the land area of the United States 


(7) 


is considered rural. The remainder is estimated to be 


split between medium and high population density zones. 


The accident rates for passenger and cargo aircraft, 
8 - 
and 5.6 x 10 


The accident rate C; 


independent of severity level, are 1.8 x 10° 8 


accidents per mile, respectively. ‘4) 
for severity level i is obtained by multiply-ng the overall 
accident rate by the fractional occurrence f for real surfaces 
for that severity class. For eacn scenario in the standard 
shipment model three ris.s are computed, assuming the shipments 
occur entirely in either a low, medium, or high population 


density zone. The actual risk is obtained by forming the 


sum of these three risk values weighted by the fractional 


accident occurrence? in each population density zone for that 


scenario. This same computational technique is used for all 


transport modes. 


o.2 Truck Accidents 


The severity classification scheme for truck accidents 
is shown in Figure V-7. In this case the ordinate is crush 
force rather than impact. Clarke et a. >) have shown that 
in the case of accidents involving motor carriers the dominant 
factors in the determination of accident severity are crush 
and fire. Thus, although the impact speeds in truck accidents 
are usually much less than in aircraft accidents, the crush 


forces can be severe, and significant package damage can 


result. 


The fractional occurrences £5 of truck accidents in each 
of the eight severity categories are shown in Table V-2. No 
real-surface de-ratings are involved in this case, since the 
dominant effect is crush rather than impact. The fractional 
occurrences were taken from the data of Clarke et ai. °°) Note 
that the f ,-values for categories VII and VIII are much lower 
than for aircraft accidents. The overall accident rate for 

motor carriers transporting hazardous materials is 1.7 x 10° 


(2) 


accidents/mile. 


The estimated fractions of truck accidents in each 
severity category occurring in each population density zone 
are also shown in Table V-2. The very low severity accidents 
are expected to occur mainly in urban areas. The table 


ref ects a gradual shift of accidents to rural areas with 


increasing severity. 


ACCIDENT SEVERITY CATEGORY 
CLASSIFICATION SCHEME - MOTOR TRUCKS 


FIGURE V-7. 
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TABLE V-2. Fractional Occurrences for Truck Accidents by Accident 
Severity Category and Population Density Zone. 


ACCIDENT FRACT SONAL FRACTIONAL OCCURRENCES ACCORDING 
SEVERITY OCCURRENCES f, TO POPULATION DENSITY ZONES 
CATEGORY ~ LOW Medium High 
I 55 id 1 .8 *. 
II 36 Fe 4 8 e 
III 07 3 4 4 
IV 016 3 4 3 
Vv 0028 5 3 2 
1 VI .0011 7 2 Fs | 
vII $.5 x 107° .8 ee 1 
VIII 1.5 x 10° 9 05 05 
OVERALL ACCIDENT RATE ‘) = 1.7 x 10-6 accidents/mile 


B.3 Delivery Van Accidents 
The accident severity classification scheme for delivery 


vans is the same as that for trucks as shown in Figure V-7. 
The fractional occurrences are shown in Table V-3. and are 
taken to be the same as for trucks. The overall accident 
rate, 1.7 x 10-6 accidents/mile, is also taken to be the same 
as for trucks. The fractional occurrences in the three popu- 
lation zones, however, are different. In the standard ship- 
ments model delivery vans are used only as a secondary trans- 
port mode. There is practically no rural travel; most of the 
radioactive materials transport in delivery vans is to and 
from airports, truck terminals, and railroad depots. There 
are expected to be more low severity accidents in high popu- 


lation density zones and more very severe accidents on freeways 


in medium population density zones. 


B.4 Train Accidents 
Figure V-8 illustrates the accident severity classifi- 

-stion scheme used for train accidents. The ordinate in this 

2e is impact velocity, taking into account the effects of 
neture. In their analysis of train accidents Clarke et ai, 9) 
considered crush to be an important factor. However, they were 
concerned with containers shipped in carload lots with the 
crush forces resulting from interaction with other cargo in 
the rail car. The only rail transport considered in the 
standard shipments model (see Table I-2) involved spent fuel 
casks, and only one cask is usually transported on a single 
rail car. In any case, the substitution of crush forces for 
puncture on the ordinate and the resulting changes in accident 
probabilities have very little effect upon the results of the 
risk calculation. 


TABLE V-3. Fractional Occurrences for Delivery Van Accidents 
by Accident Severity Category and Population Density Zone. 


ACCIDENT FRACTIONAL FRACTIONAL OCCURRENCES ACCORDING 
SEVERITY OCCURRENCES f. TO POPULATION DENSITY ZONES 
CATEGORY . Low Medium High 

I 55 01 39 60 
II .36 01 39 60 
III 07 01 39 60 
IV 016 01 50 49 

7" 

ns V .0028 .O1 .50 .48 

ite) 

VI 0011 Ol 50 49 
VII 8.5 x 107° 01 60 39 
VIII 1:5 x 107° 01 60 39 


OVERALL ACCIDENT RATE = 1.7 x 107° accidents/mile 
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FIGURE V-8. 
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Table V-4 lists the fractional occurrences for train 


accidents by severity class and by population density zone. 


(6) 


The £ ,-values were taken from the data of Clarke et al. 
As with truck accicznts, no real-surface eftect de-rating of 

the fractional occurrences is required, since the predominant 
effect in the most severe accidents is puncture. The overall 


6 


accidents rate is 1.5 x 10° rail-car accidents/rail-car mile, 


assuming an average train length of 70 cars and average of ten 


(6) Only 10 percent of the 


cars involved in each accident. 
accidents are estimated to occur in high population density 

zones, regardless of severity. The remainder of train acci- 
dents are estimated to be equally distributed between low and 


medium population density zones. 


b.5 Helicopter Accidents 
Helicopter accidents are classified in the same way as 
aircraft accidents (Figure V-6). The overa’’ accident rate 


(8) 


is 2.0‘ 107° accidents/mile and the fracvional occurrence 
fis shown in Table V-5, are taken to be the s ne for air- 
craft impacting on real surfaces. Fwever, the fractional 
occurrences in the three population density zones are different 
since helicopters are expected to be used as a secondary 
transport mode to and from the airport. None of the standard 
shipments involve helicopter transport, but one of the 
alternatives considered in Chapter VI considere the risk 
involved in the transport of strategic special nuclear 
material by cargo aircxaft, with helicopter as a secondary 


mode. 


Accidents represented by the first two severity categories 
occur while the helicopter is on the ground either at the air- 


port or at a pick-up or delivery point, all of which would be 


— 
oe ee nd 
ae SE GLE LIT 0 EN EN SE SIE ES RS PDL a Pe She Ee 
hs = £ . a SP PEELS 
: os 


TM er rn er ee were 


TABLE V-4. Fractional Occurrences for Train Accidents by 
Accident Severity Category and Population Density Zone 


ACCIDENT FRACTIONAL FRACTIONAL OCCURRENCES ACCORDING 

SEVERITY OCCURRENCES f. TO POPULATION DENSITY ZONES 

CATEGORY e Low Medium § High 
45 45 .10 
45 45 .10 
45 245 .10 
45 45 10 
45 | 45 .10 
45 45 .10 
45 45 .10 


45 45 -10 


OVERALL ACCIDENT RATE - So 107° rail-car accidents/rail-car mile 


TABLE V-5. Fractional Occurrences for Helicopter Accidents by Accident 
Severity Category and Population Density Zone. 


ACCIDENT FRACTIONAL 
SEVERITY OCCURRENCES f. 
CATEGORY (REAL SURFACES} 


a 


OVERALL ACCIDENT RATE = 5.6 x 1078 


FRACTIONAL OCCURRENCES ACCORDING 
TO POPULATION DENSITY ZONES 
Low Medium High 
«35 -60 05 
soo - 60 .05 
45 45 -10 
54ao at £0 
«45 45 -10 
245 45 -10 
oL9 -80 -O1 


2D .80 Ok 


accidents/mile 


located primarily in medium and low population density zones. 


It is anticipated that helicopter flights, particularly those 


carrying plutonium would be routed to avoid flying over his 


population density zones whenever possible. Thus, the take-off 
and landing accidents (severity categories III-VI) as well as 
the in-flight type accidents (categories VII-VIII) are expected 
to be concentrated in the medium and low population density 
zones. Category VII and VIII type accidents involving heli- 
copters are considered to be mid-air collisions, and would be 
expected to occur mainly in the immediate vicinity of an air- 
port; thus most of these accidents should occur in medium 


population density zones. 


B.6 Release Fractions 

In order to assess the risk of a transportation accident 
involving radioactive material it is also necessary to know 
how any given package will behave when involved in an accident 
of a given severity. The fraction of the total package con- 
tents which escapes a damaged package is called the release 
fraction. Until recently, there was little information 
available regarding the behavior of typical radioactive 
material containers under extreme accident conditions, since 
the packaging standards do not requv‘re testing to failure. 
According to recent tests conducted at Sandia Laboratories, 
present shipping containers are considerably better than the 


standards require. 


Two release fraction models are postulated for the risk 
analysis and are given in Table V-2. Model I would be an 
accurate model if packagings ‘vere no better than required by 
the present standards. Model I assumes complete loss of 


contents for Type A containers encountering accident severities 


TABLE V-6. 


Package Release Fraction* Estimates for 
Each of the Release Models used 
Versus Accident Severity Level 


ACCIDENT MODEL I MODEL II 
SEVERITY 


CATEGORY Type A Type B Type A Type B 


I 0 0 0 0 

bo 1 0 0 0 

Lit 1 0 0 
IV 


V 


*For special form materials, fractional release 
refers to fractional exposure of the source. 


greater than category I and complete loss of contents for 
Type B containers involved in accidents of severity greater 
than category II. The second model, Model II, is based upon 
a limited amount of data for containers currently being 
tested at Sandia Labs. ‘7) In the tests a certain Type B con- 
tainer lost as much as 6% of its contents when subjected to 
category VII impact conditions. However, when the tests were 
repeated with impact onto soil rather than onto an "unyielding" 
surface, as in the first test series, no loss of contents 
occurred. A typical Type A Mo-99 ge .crator package was also 
tested at catege:-y IV impact conditions (onto an unyielding 
surface). No loss of contents resulted; but package damage 

was extensive and release seemed likely for a slightly more 
severe test Thus, typical containers are prcbably better 

than Model II would indicate. However, since there have been 
only a limited number of containers tested, Model II was used 
in the risk assessmei: Ss a conservative approximation to the 


behavior of real containers in an accident environment. 


Spent fuel casks are treated in the same way as Type B 
containers, exc 2pt that release fractions apply only to the 
caseous and volatile components of the spent fuel. In that 
case the maximum release from a spent fuel cask is scaled by 
the Type B release fractions for the eight accident severity 
categories and for each of tne package release models. It is 
further considered that the remaining fission products are 
retained within the fuel elements or shipping casks and 


present only an external radiation hazard. A previous analy- 


sis 19) has determined that the external radiation hazard from 


a spent fuel cask involved in a severe accident is negligible 


compared to the hazard due to the released material. 


General Consequences of Release 
Once release has occurre¢ on land, in the atmosphere or 

in water, dispersion of the radioactive materials can 

proceed to produce environmental impacts such as external 

radiation dose, exterral foodstuff contamination, or buildup 

in the food chain. Certain of the most hazardous radionuclides 

transported were discussed in Chapter III in terms of their 

radiation characteristics. It was found that certain of the 

long half-life gamma emitters such as Co®? and the alpha 

emitters like plutonium posed the greatest hazards in terms 


of potential consequence if released. 


Consequences of largest magnitude result from release to 
the atmosphere following an accident. Atmospheric transport 
and diffusion can disperse the radionuclide over large areas. 
The degree of dispersion is determined by atmospheric turbu- 
lence which is a function of time of day, cloudiness, surface 
characteristics and other parameters. The deposition of 
radionuclides associated with the passage of a cloud of 
released material can have a very complex environmental impact. 
Some possible routes for generating a consequence in man are 
summarized in Figure V-9. The impacts due to gamma emitters 
are largely involved with direct dose to man as external o) 
internal radiation sources; but material which emits alpha 
radiation can produce large radiological consequences when 
aerosolized and breathed by man. Figure V-9 shows that 
deposited radionuclides can also become part of the food chain. 
They can be transferred from soil, to vegetation, to animals, 
and eventually to man. Comtamination in plants is characterized 
by multiple pathways including direct deposition of particulate 
and indirect take-up by leaching from soil. From the stand- 
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Figure V-9. Possible Routes to Man from Radionuclide Release 
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grass-cow-milk-meat cycle. The principal hazard from zi31 


results more from intake of milk than meat as a result of its 
relatively short half-life. 


Figure V-9 shows that the aquatic environment can be 
affected directly from release or indirectly from transfer 
from the terrestrial sphere. Consequences to the aquatic 
environment are less well understood than for the land, due 
partly to the complex interaction of the large number of 


plant and animal species which inhabit these regions. 


The consequences model is based on the Gaussian diffu- 
sion model widely used in analysis of atmospheric transport 
and diffusion. The calculation is initiated with a cloud 
of aerosolized debris at the accident site. The distribu- 
tion of aerosolized material with cloud height are specified 
according to results obtained from Project Roller Coaster ‘11) 
which involved detonation of weapon simulants characteristic 
of that era. The use of such an initial distribution is 
justified for accidents in which fires or residual energy 
provides an aerosol cloud to be released from the accident 
site. The cloud is assumed to have an initial height of 
10 meters above ground for all cases considered in this 
report. As a result, doses calculated using this model are 
conservative, particularly when an accident involves a large 
energy ‘2lease which can carry aerosolized materials to great 
heights. 


Transport and diffusion of the aerosol cloud is described 
using climatological distributions of horizontal and vertical 
components of turbulence intensities and wind speed. A year 


Or more of data record for these parameters is used in the 


mena i a pa Rt id tne denen anaes 


+2 


model which was cbtained at twe “ifferent locations. The 
model allows estimates to be made of the fraction of the 

time that a specified dose to an average adult man in rem is 
exceeded as a function of the downwind distance and the amount 


of aerosolized material involved. 


An example of the output obtained here from the model 
is shown in Figure V-10. The ordinate is the area on the 
ground in (meters) 7 throughout which exposed individuals 
receive a radiation dose exceeding 0.8 rem for each kilogram 
of Pu-239 dispersed in plumes of various heights. The size 
of the affected area depends on local meteorological conditions 
which, for a randomly occurring accident, have a specific 
occurrence distribution. As a result, the x-coordinate repre- 
sents the fraction of time a randomly occurring accident 
produces an area smaller than that shown on the y-coordinate 


for the condition of the calculation. 


In order to obtain consequences in terms of person-rem, 


population density values of 4000, 400, and 40 persons/km are 
used to represent areas of high, medium and low population. 
Approximately 98%, 1.9%, and 0.1% of the United States area 
respectively, has population density lower than these values. 


Shielding from buildings can act to reduce exposure to 
the population, especially in high density urban environments. 
Buildings afford protection to their occupants by reducing 
dire c« radiation exposure and also by lowering particle con- 
centrations within the buildings. This reduced hazard results 
from deposition during seepage of air through the walls of the 
structures and by capture on ventilation system filters. 


These effects are difficult to accurately assess, but Cohen ‘12) 
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CUMULATIVE PERCENT TIME THE AREA IS LESS THAN THE ORDINATE 


FIGURE V-10. Affected Area versus Probability Percent 
of the time a randomly occurring accident will produce 
an area enclosing dose exceeding .8 rem for dispersal 

of 1 kg of Pu~239 and cloud heights of: A = 10 meters, 


B = 25 meters, C = 60 meters, D = 160 meters, E = 400 
meters and F = 1000 meters 


has estimated that doses migiit be reduced by a factor of three. 


Because of the uncertainty in estinating tie impact of this 
factor and the differences %Setiveen che problem treated 
Cohen and that considered here, no reduction in dose a. a 


result of shielding has been included in these calculations. 


Scenarios 

In order to assess maximum conseguences due to acciden 
involving shipment of radioactive material, certain large ship- 
ment scenarios were analyzed. These are summarized in 
Yable V-7. They include actual large Mo-99 and I-131 raw 
material shipments identified in the radiopharmaceutical 
industry, a large Co-60 irradiator source, and a large Pud, 


shipment identified in the nuclear fuel cycle. 


In order to assess risk due to accidents involving ship- 
ment of radioactive material, a list of. standard shipments was 
compiled which is representative of current shipping of -radio- 
active materials. This standard shipping model is shown in 
Table V-8. Information concerning curies/package and other 
shipping data wer: «scertained from a previous survey, ‘13) 
from direct contast: with shippers, and from the ongoing 
Battelle study of sacioactive material shipments. According 
to the previous survey, three materials: molybdenum-99, 
technetium-99m, and iodine (including the isotopes I-123, I-125 
and I-131) accounted for over 75 percent of the radiopharma- 
ceutical packages shipped. For the risk estimate, all other 
radiopharmaceuticals were lumped together into one group 
called "RAPH." Iricium-192 is used as a model for the trans- 


portation of radiographic materials; "RAPH" is assumed to act 
like Iodine-131. 


Et-A 


Scenario 


TABLE V-7 


Large Shipment Scenarios Used to Assess 
Maximum Consequence Resulting from Accidents 


Material 


1-131 source 


Mo-992 source 
material 


Co-60 irradiator 
source (special 
form) 


Pud 


2 


Curies (kg) /Pk Pkg/Shipment 
Curies (kg) /*Kg9 ekg/onipment 


1,000.0 Z 
3,000.0 1 
1,000,000.0 1 
(5.0) 4 


att a a aN a ne en a ae ee ee ee ee oe ee) i ae eee 


The special form Ir-192 material is encapsulated, 
therefore, in the calculations of consequences due to release, 
the material was assumed to present only a direct radiation 
hazard. The values used for shipments per year for each 
scenario are summarized in Table V-9. It can be noted from 
Tables V-8 and V-9 that a large number of shipments by air- 
craft and truck/van of certain medical use materials of “low 
curie activity are known to occur on an annual basis. Radio- 


graphic material such as tr192 


are shipped principally by 
truck. Plutonium as well as molybdenum and iodine raw 


materials involve shipment by truck or cargo aircraft. Spent 


fuel is shipped principally by rail or truck in a specially 
(14) 
k. 


designed cas The estimated mileages for each scenario 


by the various transportation modes are summarized in Table V-10. 


Conseguences Analysis 


The population doses (in person-rem) for the transporta-~ 
tion scenarios identified in Tables V-7 and V-8 were determined 
using the Gaussian plume dispersal model output shown in 
Figure V-10. Outputs were calculated for many different values 
of the source term and dose. ‘lhe areas chosen to represent 
that affected by the aerosol cloud correspond to the 95% value 
on the abscissa. This area would not be exceeded in 95% of 
al] accidents and is an area 2 te 5 times larger than the mean 
affected area for each combination of source and dose. These 
areas were cross plotted as a function cf rem/gram of respireble 
plutonium to obtain Figure V-ll. A cloud height of 10 meters 
was assumed as a conservative estimate of the release effects 
produced by an aircraft impact into the ground or by a severe 
truck accident. 


The curve shown in Figure V-1l is valid for the dispersion 


of any aerosolized material, but has been expressed (as a 


PUP RA LEE EE ERP ROT LTS TP ae TT TT TE TT Te TE SE IE TT I TL TE TT LE TT I TE FERED 
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TABLE V-8 


Standard Shipments Studied to Assess 
Risk Resulting from Accidents 


Standard 
Shipment Material Curies (kg) /Pkg Pkg Type Pkg/Shipment 


Mo - Tc 
Generator A 


To 29M 


yi3l 


A 


A 


tr??? B(special form) 


eZ 
e 


(Raw Material) 


I 


Pud. 


99 
fe) Source 
Material 


yi3l Source 
Material 


M 


Spent Fuel* 


Isotopes 2 B (cask) 
Fission 
Products 


Other radio- 
pharmaceuticals 
(RAPH~small) *** 

Other radio- 


pharmaceuticals 
(RAPH-large) *** 


*These values are the curies within the fuel elements available for 
release in an accident. 


*k*Modeled as volatile cesium-137 


*k**Modeled as iodine-131l 


TABLE V-9 


Shipments per Year (1975) for the Standard Shipments Investigated 


Transportat’ .n Mode 
Scenario Truck 


Van Pass. Aic Cargo Air 


99m 
re. 


pe 38,000 38,000 0 


Mo - Te Gen. 32,800 16,400 16,400 


yi3t 57,100 33,300 23,800 


192 

r 
(100 curies) 
192 

r 


(5000 curies) 


I 


I 


Pu. 241 


Mo?? engurce mat.** 7200 
yi3l 


source mat. 0 
Snent Fuel 0 
RAPH (small) r 40,006. 23,300. 16,700.0 


RAPH (large) . 2,700. 2,700. 0.0 


*van is used as a secondary mode for shipments by air and rail 


**Pruck is used as a secondary mode for shipments of Mo?? source material 


TABLE V-10 


Miles Per Shipment for the Standard Shipments Investigated 


Transportation Mode 
Scenario Truck Van Pass. Air Cargo Air Rail 


To ™ 1000 


Mo - Tc Gen.* 
1000 


* 
yi3t 
1000 


(100 curies) 0 
(5000 curies) 0 G 


1200 


99 
fe) 


M 
yi31 


source mat. 
source mat. 
Spent Fuel 


RAPH (small) * 


RAPH (large) 


*These materials go by truck, by cargo air and van, and by passenger air and van. 


*kIf cargo air is used in addition to passenger air, secondary line (i.e., van) 
is longer than if passenger air is used exclusively since all major airports 
do not have air cargo service. 


Figure V-ll. Specific Dose vs. Area. Specific dose in rem 

per gram of respirable plutonium-239 released to the atmosphere 
as a function of the exposed area (in meters squared) of the 
earth's surface. 
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AREA ENCLOSING GIVEN DOSE (m7) 


result of computer code output) in terms of plutonium-239 
50-year lung dose per gram of dispersed inhalable plutonium 
aerosol. The contribution to the total dose from cloudshine, 
groundshine, and resuspension can be obtained by the applica- 
tion of established factors to the results shown in Figure V-ll. 
For plutonium-239 and the other isotopes of interest, these 
radiation effects are negligible (see Figures VI-13-1 through 
VI-13-14 in Appendix VI to Reference 15). 


In order to evaluate the impact of isotopes other than 
Pu-239, the results presented in Figure V-1l were divided by 


the rem per gram of Pu-239 inhaled in order to obtain a value 


for grams inhaled per gram released. This value reflects only 


the dilution producei by tre:sport and diffusion of the aerosol 
cloud. This dilution factor is then multiplied by (1) the 
appropriate rem/curie values for the material released 

(Table V-11), (2) the quantity (in curies) of respirable 
material released and (3) a factor which accounts for the fact 
that a distribution of particles of various sizes is inhaled 
while the values in Table V-1l are for 1 um diameter particles. 
The product of these four factors is the dose in rem for the 


nuclide of interest and the corresponding affected area. 


The second factor shown above, the quantity of respirable 


material produced, is represented as follows: 


Pespirable Aerosol Released = Total Package Contents x 


Fraction Aerosolized x Fraction Respirable 


The fraction aerosolized for solid materials other than 
plutonium was approximated using techniques suggested in 


Reference 16, using vapor pressures from Reference sy mre 2S 


materials transported in powder, liquid or gaseous form were 
assumed to be 100 percent aerosolized. Nondispersible radio- 
active materials such as Co-60 and Ir-192 in special form were 
assumed to pose only a direct radiation hazard as a result of 
their gamma radiation. That this is an upper limit value is 
clear, but the fraction aerosolized is likely to be very 
sensitive to the details of an accident and no suitable data 


base or analysis technique provides a defensible lower value. 


The fraction respirable is obtained from particle size 
distribution of the aerosols formed when t e material of 
interest is dispersed. Gases are assumed to be 100 percent 
respirable as are other materials when no contradictory infor- 
mation was available. For plutonium, a maierial of special 
emphasis in this accident risk analysis, particle size distri- 
bution are available, ‘18) Plutonium is frequently shipped 
(in the nuclear fuel cycle context) in the form of an oxide 
powder. The size distribution of the material is not uniquely 
defineu und is a function of the production process used. 
Figure V-12 shows the range of sizes which is obtained from 


the same process at two different calcining temperatures. 


Particles of plutonium oxide with diameters smaller than 

3.3 micrometers are normally considered to ke respirable and 
candidates for deposition in pulmonary tissue (see Figure V-13, 
po ~- 10 gms/cm?) . The upper curve in Figure v-12 is a material 
which is about 11 percent respirable and the lower curve 

4 percent respirable. A size distribution for FFTF feed 
material was obtained from Hanford Engineering and Development 
Laboratory (HEDL) whch was about 20 percent respirable. 


Plutonium oxide shipjed into the United States from Belgium 
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PARTICLE DIAMFTER, MICRONS 


Figure V-12. Variation in Plutonium Dioxide Particle Size 
Distribution for_a Range of Calcining Temperature Between 
800 and 12009c (19) 
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Particle 


750 em? tidal volune 
15 respiracions/min 
Breathing rate ~1! min 


| gm/em? 


P= 10 gm/em® 
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4 B) 6 7 


Particle diameter (4 ) 


13. Deposition in the Pulmonary Compartment vs. 


. 2] 
Diameter (20) 


through JFK Airport in 1974 and 1975 was reported to have a 
1 wm mean size (based on surface area) which is a 40 percent 


respirable aerosol .* 


For the purpose of this analysis a 20 percent respirable 
aerosol was assumed. While this is twice the upper of the 
values shown in Figure V-12 it is half the value for the 
importec naterial and therefore represents a conservative 


median value. 


The third factor indicated earlier corrects for the fact 
that a distribution of particle sizes is likely to be released 
from an accident site, while the dosimetric calculation in 
reference 15 and Table V-1ll are for particles of a size (i to 
3 um in diameter depending on density) for which deposit in 
the pulmonary region is maximized. The factor is the product 
of two components; one is the ratio of the fraction of the 
inhaled aerosol which is deposited in lung to that of 
the idealized particles inhaled. For plutonium this fraction 
is approximately 11/24 or 0.46. The second component relates 
to the ratios of irradiation rates and clearance rates for 
differing size distributions of particles. This factor is 
approximately unity for plutonium. Using the parameters and 
data indicated above, the consequences for the general popula- 
tion were calculated for the large shipment scenarios listed 
in Table V-7 and are summarized in Tables sass tesa V-13. The 
consequences shown in Table V-12 are expressed in terms of 
person-rem for each of three population density areas in which 
an accident might occur. In urban areas where the population 


density is greater than 4000 persons/km, the impact would be 


*This assumes a log~-normal size distribution with a mass median 
diameter of 3.3 um and a geometric standard deviation of 3. 


TABLE V-11 


Summary of Rem/Curie (inhaled) Values Used to Assess the Consequences 
of Accidents Involving Transportation of Radioactive Materials 


Chemical l-year 50-year 


Radionuclide Form Rem/curie* Organ Rem/curie* Organ 
eee ee SSS eee SSS ee eS mae, «=6RRem/curie* Ber 2 Pe 


Inscluble oxide Eek & 20 Lung Ya 108 Lung 


Mo-99 Insoluble molybdenate 1.6 x 10 Lung De 104 Lung 


or oxide 


6** 


I-131 and RAPH Soluble iodide on Thyroid ob. a: LO Thyroid 
or iodate 


Kr-85 Soluble-gas a Bone marrow -61 Bone marrow 
Ir-192 hietal cylinders Not aerosoliz- . Bone marrow 
able or 
respirable 
Spent fuel Soluble oxides Lung 
fission products 
(CS-137) 


Tc-99m Soluble pertechnate 


*Values taken from Table III-8 


**60-day dose 


TABLE V-12 


Worst-Case Accident Consequences in Person-Rem from 
Large Shipment Scenario Accident Occurring in A Specific Population Zone 


Medium 


1431 (1000 ci) 


(thyroid dose) 1.1 x 104 


Co? irradiator source* 
(1 x 10® ci) 
‘whole-body dose) 


Pu, (20 Kg) 


l-yr lung dose 


50-yr lung dose 


Mo?? raw material 


(3000 curies) 


*No shielding from buildings, vehicles, or natural surroundings are 
considered. The effect of such shielding will substantially reduce 
these values. 


TABLE V-13 


Consequences of Worst-Case Accidents Involving the Large Shipment Scenarios 
in Terms of Number of People Receiving Greater Than a Given Dose in Rem 


Integrated POPULATION DENSITY 
Scenario i Year Dose (Rem) Medium _ High 


5 


20 kg Pu 15 Rem 10° 2.8 x 10 


, x 
(lung dose) 10,000 Rem 2 16 
100,000 Rem 0 1 


3000 ci Mo-939 15 Rem 
(lung dose) 3000 Rem 


1000 ci I-131 30 Rem 
(thyroid dose) 25,000 Rem 


10° ci Co-60* 5 Rem 
(l-hour whole- 50 Rem 
body exposure) 340 Rem 


*No shielding from buildings, vehicles, or natural surroundings are 
considered. The effect of such shielding will substantially reduce 
these values. 


increased proportionately. Table Y-13 shov the number of 


people likely to be exposed to doses exceeu.ng the recommended 


ncrp ‘21) limiting values and those producing physiological 


effects. The significance of the doses is outlined below: 


15 Rem to lungs NCRP recommended limit for 
routine exposure of radiation 
workers 

3000 Rem to lungs threshold for pulmonary 
morbidity from short lived 

gamma and beta emitters ‘*>) 

10,000 Rem to lungs threshold for pulmonary 
morbidity from long lived alpha 

enitters ‘15 +2?) 

100,000 Rem to lungs* produces early fatality result- 
ing from pulmonary fibrosis and 


(22) from 


radiation pneumonitus 

long lived alpha emitters 

30 Rem to thyroid NCRP recommended limit for 
routine exposure of radiation 
workers 

25,000 Rem to thyroid threshold for radiation 

thyroiditis ‘+>) 

5 Rem to whole body NCRP recommended limit for 
annual whole-body radiation 
of radiation workers 

50 Rem to whole body threshold for noticeable 
physiological effects from 
whole-body radiation 

340 Rem to whole body* produces early fatality from 


bone marrow destruction 


¥LD50/360 value (lethal dose within 360 days for 50% of a 
population so exposed). 


From Table V-12 it .s clear that accidents involving Pud. 
and, to a lesser extent, Iodine-13l are observed to produce 
the largest consequences in terms of person-rem. Table V-13 
shows that accidents involving Pud. and Co-60 produce the 


largest consequences in terms of physiological effect. 


Results of Risk Analysis for Standard Shipments 


Fok Radiological Risks 


The consequences for the standard shipments model are a 
function of the population density in the area in which an 
accident occurs. In order to assess the overall risk to the 
public of accidents involving radioactive material, the conse- 
quences were weighted by the appropriate scale factors to 
denote proportion of accidents of a given type» thin each 


population zone. 


The risk for each shipment in person-rem/year was calcu- 
lated using Equation 1. A summation was made over the eight 
accident severity categories defined previously. Both models 
I and II, corresponding to different release fraction 
assumptions (see Table V-6), were used. The results are 


summarized in Tables V-14 and v-15. 


The shipment involving plutonium exhibits the highest 
risk for accidents for both release fraction models and over- 
shadows all other materials. lIodine-13l1 raw material and 
other radiopharmaceutical shipments account for essentiall, 
all of the remaining risk. Model II, involving more realistic 
release fractions than Model I, lowers the magnitude of the 


plutonium risk by approximately a factor of 10,000 from that 


V-48 


gf “ey ' 


9 


TABLE V-14 


Accident Risk Analysis Results for Model I - 1975 


Standard Shipments Risk Total (Latent Cancer Fatalities)* Percent of Total Risk 
t?9™ 2 e ue’ N** 
Mo - Tc Generators 9.2.2 1074 N 
ote 5.9 x 1074 N 
tr+9? (100 curies) 6.9 x 10°” N 
rr}92 Raw Material 9.4% 19719 N 
Pud. 6.5 $9.8 
r Mo?? Raw Material S32 2 1074 N 
“ yi3t Raw Material baal ® 1073 N 
Sp:2nt Puel 
Kr? 8.0 x 107° N 
pts ‘8-8 207° N 
Fission Products 1.3 x 107° N 
RAPH (small) wo 8 i N 
RAPH (large) 4.4 x 107? N 


*These fatalities are those that will result from radiation exposure during the 
given year due to transportation accidents. 


**Negligible 


OS-A 


TABLE V-15 


Accident Risk Analysis Results for Model II - 1975 


Standard Shipments 


To29™m 


Mo - Tc Generators 
yi3l 


tr?92 (100 curies) 


9 : 
tr}? Raw Material 


Pud, 


Mo?” 


yi3t 


Raw Material 
Raw Material 
Spent Fuel 


Kr®> 


yi31 
Fission Products 
RAPH (small) 


RAPH (large) 


Risk Total (Latent Cancer Fatalities) * 


Percent of Total Risk 


N** 


*These .atalities are those that will result from radiation exposure during the 
given year due to transportation accidents. 


**Nagligible 


predicted using the very conservative assumptions based on 


regulatory requirements for packages. 


Projections of the shipments of radioactive material in 
1985 were made (see Chapter I-D). These estimates allowed 
calculation of the expected risk due to accidents in 1985 
allowing for the projected increase in curies shipped. The 
risks for the standard shipments model in 1985 are set out in 
Tables V-16 and V-17 for Models I and II, respectively. The 
person-rem/year risk increases in the 1985 projections are in 
accord with the expected increase in shipping activities. The 
percentage of risk due to accidents involving plutonium goes 
down slightly; whereas the percentage of risk due to radio- 


pharmaceuticals increases slightly. 


F.2 Non-Radiological Risks in Transportation Accidents 

Most radioactive materials are shipped incidentally to 
other freight shipments; i.e., the shipment would take place 
whether or not the radioactive material were on board. The 
only additional risk involved in these radioactive material 


shipments is a radiolusgical one. 


However, for sole-use shipments, i.e., those which require 
the exclusive use of the transport vehicle, there are certain 
non-radiological risks which must also be considered, e.g., 
the risk that the driver of a sole-use vehicle will be injured 
or killed in an accident not from radiological causes, but 
from the impact of the accident itself. These non-radiological 


injuries, fatalities, or property damage must be considered as 


part of the environmental impact of radioactive materials 
transport along with the radiological effects. 


TABLE V-16 
Accident Risk Analysis Results for Model I - 1985 


Standard Shipments Risk Total (Latent Cancer Fatalities) * Percent of Total Risk 


Tc 
Mo - Tc Cenerators 
yi31 


192 
r 


I (100 curies) 


192 Raw Material 


Mo?? Raw Material 


yi3t Raw Material 


Spent Fuel 


Kr 28° 


;i31 
Fission Products 
RAPH (small) 


RAPH (large) 


*These fatalities are those that will result from radiation exposure during the 
given year due to transportetion accidents. 


**Negligible 


TABLE V-17 
Acci.ent Risk Analysis Results for Model II - 1985 


Standard Shipments Risk Total (Latent Cancer Fatalities) * of Total Risk 


To? 9m 


- Tce Generators 
yi31 


trl? (100 curies) 
trt?2 Raw Material 


Mo” Raw Material 


yi3l 


Raw Material 
Spent Fuel 

Kr®> 

y231 

Fission Products 


RAPH (small) 


RAPH (large) 


*These fatalities are those that will result from radiation exposure during the 
given year due to transportation accidents. 


It has been estimated ‘?) that transport of cold fuel to 
nuclear power plants and shipments cf irradiated fuel and 
solid wastes from the plants by sole2-use vehicles could 
result in .03 injuries and .003 fatalities per reactor year, 
if all fuel and solid waste transport were by truck and 
irradiated fuel transport were by rail or barge. For the 
approximately 60 power reactors in operation in 1975 this 
translates into 2 injuries and 0.2 fatalities per reactor 


year. 


Probably the greatest use of sole-use trucks for other 
than fuel cycle materials is in the transport of radiopharma- 
ceuticals, primarily Mo-99/Tc-99m generators. If it is 
estimated that 10 percent of the generators that travel by 
truck in the standard shipments model (Mo-99 small) are trans- 
ported by sole-use trucks in average aggregate quantities of 
80 TI per shipment, then about 100 such shipments per year 
would be expected For an average shipment distance of 600 
miles, the total distance traveled would be 6 x 104 miles per 
year. Utilizing the accident statistics and injury and 
fatality data which was used to estimate the non-radiological 
impact for shipments to and from power plants, ‘21) the trans- 
port of Mo-99/Tc-99m generators by sole-use trucks would 


prouuce about 0.05 injuries and about .003 fatalities per year. 


Finally, certain all-cargo airlines make routine flights 
exclusively for shipment of radioactive materials, primarily 
Mo-99/Tc-99m generators. It is estimated that these flights 


cover 200,000 miles per year. Using the cargo aircraft 


: -8 ; : 
accident rates of 5.6 x 10 accidents per mile, these 


flights would be expected to result in about 0.01] accidents 


per year. Assuming that a crew of two would be killed in 


each accident, an average of 0.02 fatalities per year 


would be expected. 


Thus, the estimated non-radiological impacts resulting 
from transport of radioactive material in sole-use vehicles 
amounts to 2.05 injuries and .223 fatalities per year. The 
major contribution is made by transport of cold and spent 


fuel to and from nuclear power plants. 


Comparison to Other Risks 


In order to compare the risk of accidents involving 
radioactive material with other risk situations, a calculation 
of early fatality probability was performed for the 1975 


standard shipments model. 


The computation of the number of fatalities expected 
from a given accident starts with the Gaussian dispersion 
results illustrated in Figure V-1ll. From the graph, the 
number of people within an area who receive a specific dose 
can be determined for a given source term. In order to 
compute the probability of early fatalities based )n the 
number of people exposed in the dose isopleth, the binomial 


approach is used. 


number of deaths under consideration 
probability of k fatalities within an 
area of specific dose 


probability that a given dose will be fatal 


number of people in the area 


Equation (2) is used 5 times for areas with fatality 
probabilities (P.,) Of .01, .65; .1, «Sy and 1.0. These 


results are combined to yield (Equation 3) the probability 


of k fatalities from a given dose distribution. 


probability of k or more fatalities 
given dose distribution 
probability of k or more fatalities 


ith dose area 
The values computed in (3) must be combined 


probability of an accident which might yield that dose 


distribution. The Poisson distribution, 


P(x discrete occurrences) = 


is used with \ equal to the accident rate for a given 


severity accident. Thus, 


where Py the probability of k fatalities per year 


from accidents of a specific severity ina 
specific population zone 
probability of a given severity accident 

¢ = 8) in a given population zone 


m 3) 


The value computed in (5) is then combined over all 
accident severities and population zones using equations 
similar to Equation (3). The results of this calculation are 
shown in Table V-18 for the four standard shipment-release 


fraction combinations considered here. 


From the tabulated results it is clear that the proba- 
bility of of early fatalities in the normal run of radioactive 
material shipping is quite small. For comparison, the results 
for Model-1985 and Model I are shown, together with other risks 


of early fatality in Table V-19 


The risk of any fatality-producing event can be expresse’ 
in terms of the chances that any specific individual will be 
killed by the event ina year. This table is predicated on 
two assumptions: (1) events such as those listed, occur at 


random throughout the population (2) the population in the 


U. S. at risk is about 75,000,000 people. The individual risk of 


early fatality due from radiological causes due to transporta- 
tion of radioactive material is quite small in comparison to 
the other risk situations listed including the risk of fatality 


from aircraft or motor vehicle accidents. 


TABLE V-18 


Probability per Year of Early Fatalities from Radiation 
Effects Resulting from Radioactive Material Shipments 


Number of Fatalities Model II - 1975 Model 1975 


- ,~9o 
io: & 20 


8) 


Individual Risk 


Accident Typ2 


Motor Vehicle 

Falls 

Fires 

Drowning 

Air Travel 

Falling Objects 

Electrocution 

Lightning 

Tornadoes 

Hurricanes 

100 Nuclear Reactors 

Transportation of 
Radioactive Material x I 00, 00,000,000*** 


(from Radiological 
causes) 


*Statistical Estimate 
k*Statistical Estimate for 1975 


~ 


**kUsing a population at risk of 75 million people 
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CHAPTER VI 


ALTERNATIVES 


Introduction 


The National Environmental Protection Act (NEPA) sets 
standards for the preparation of environmental impact 
statements and requires the consideration of alternatives 
to the action or activity whose environmental impact is 
being assessed. The analysis of the impact of transportation 
of radioactive materials presented in Chapter I through V 
was concerned with curre... shipping practices and their 
1985 projections. In this chapter the environmental impacts 
of alternatives are considered and are compared to the 
impacts resulting from current shipments. An alternative 
which results in a lower annual population dose is desirable 
from a radiological point of view, but may not be considered 
worthwhile when the cost of implementation and the non- 
radiological impacts are considered. Similarly, one alter- 
native may be desirable from a safeguards viewpoint but 
undesirable from a radiological viewpoint. Thus, a quanti- 
tative comparison of the radiological impacts may be made in 
terms of the number of excess latent cancer fatalities (LCF) 
produced, but an assessment of the total impact of a given 
alternative upon the environment must include qualitative 


consideration of other factors. 


The environmental impact of an alternative in radio- 


active materials shipments is meaningful only when compared 


to the impact of the current shipping practice. Consequently, 


the results of the assessments of the alternatives considered 
in this chapter are presented in terms of the environmental 
impacts relative to the baseline case of current shipments. 


Table VI -l summarizes the results of the risk analysis 


TABLE VI -l. Summary of Radiological Impacts of Current Shipments 


Annual-Pop. Dose-Normal Trans. 


Annual-Pop. Dose due to Accidents 


Standard 
Shipment 


Latent Cancer 
(Person-rem) Fatalities 


Latent Cancer 
Organ Fatalities 


T Q ATL 
To-99m Lung 8.0 10 r 


= PO ee 7 
[odine-small Thyroid 5 10 


Iodine-large Thyroid 


Mo-99-small 
Mo-99-large 
RAPH-small 


RAPH- large Thyroid 


[Ir-192-source Whole body 


Ir-192-raw material Whole body 


Spent Fuel Thyroid, Lung, 
: Marrow 


Lung, Bone 


9589 
(9600) 


described in Chapters IV and V for the normal and accident 
cases, respectively, and is used as the baseline for com- 
parison of the risk assessment of the alternatives. As 
indicated in the table, the total number of LCF that would 

be expected to be produced as a result of radioactive 
materials transport for one year with current shipping 

rates and practices is 1.2 for normal transvort and 5.6 x 107° 
resulting from transportation accidents involving radio- 


active material. 


Where appropriate, the cost 2f implementing an alter- 
native is estimated, and this cost is compared to the benefit 
resulting from the alternative. Benefits are expressed in 
terms of the estimated reduction in.annual LCF resulting 
from implementation of the alternative. To compare benefits 
to costs it is necessary to assign a monetary value to an 
LCF. For the purposes of this assessment the official NRC 
figure ‘) of $1000 per person-rem is used along with the 
(2) Of 121.6 LcF/10° person-rem, 


resulting in a value of $8.22 x 10° for one LCF. 


whole-body dose effect value 


The alternatives to be discussed in this chapter may 


be classified into two general types: 


a. transport mode shifts 


b. operational and packaging constraints 


Transport mode shifts involve additional or alternative 
regulations which would eliminate the use of certain trans- 
port modes either for all radioactive material shipments 

or for certain of the potentially more hazardous isotopes, 
e.g., plutonium. The assumption is made in the evaluation 
of the effects of these mode shifts that the material (s) 
involved would continue to be transported in the same total 


annual quantities, but by a different mode. 


Vi-3 


The alternatives of the second type considered in this 


chapter are those which would: 


require the use of specific transport vehicles with 
better than average safety records. 

require specific operational constraints on trans- 
port to limit accident rates or consequences, e.g. 
route restrictions, the restriction of hazardous 
materials flights to good weather and daytime only, 
lower speed limits for surface modes, special crew 
training, no weekend driving, and use of specific 
airports. 

restrict the form of the material shipped to reduce 
its dispersibility and/or respirability in the case 
of an accident severe enough to breach the packa- 
ging. 

reduce the quantity of material shipped on a given 
transport vehicle to reduce the amount which could 
be dispersed in a severe accident. 

require the use of extra-durable packaging for 
shipments involving Type B and large quantities of 
the potentially more hazardous isotopes. This 
could be accomplished by the introduction of new 
packaging standards. 

lower the package quantity limits or package TI 


limits. 


Each of these general alternative types is discussed in detail 


in Section B of this chapter. Risk estimates are made and are 


compared to the risks due to current shipments. Section C 


summarizes the results for all alternatives. 


Survey of Specific Alternatives 


B.1 Mode Shifts 

In this section the effects expected from shifting of 
various classes of radioactive material from one transport 
mode to another is assessed. Those combinations which seemed 
likely to yield a decrease in radiological impact, those 
which seemed effective in increasing security, and those 


which might decrease accident risk to the public are con- 


B.1-1 All Air Transport by Truck 

As of July 1, 1975 the materials transported by air- 
craft consisted principally of radiopharmaceuticals and the 
raw materials from which they are made, plutonium, and some 
irradiator source materials (see Table VI -2). The result 
of shifting this material to trucks was evaluated by 
increasing the number of truck shipments in the standard 
shipment list by the baseline number of aircraft shipments 
of each radionuclide. In addition, the miles travelled per 
shipment was increased slightly to account for the fact that 
truck transport is often less direct than air transport. The 
standard shipments model revisions for this mode shift are 


shown in Table VI -3. 


Also reflected in the standard shipments list for this 
alternative are increased values of package TI's which 
result from differences in transport speed between the air 
and the truck mode. It would be necessary for somewhat 


greater quantities of short half-life materials to be sent 


in order to insure that the required radioactivity is present 


in the material at the time of treatment. 
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TABLE VI -3. All Air Shipments by Truck 
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It is estimated that the minimum time required from 
shipment to use is approximately 20 hours (essentially 
overnight) by the air mode for shipments within the 
continental United States. In a similar time period 
destinations within 200-300 miles could be served by truck 
with no additional radioactive material required to com- 
pensate for the loss resulting from radioactive decay. 
However, for longer distances, shipments must contain more 
radioactivity at the time of shipment. The amount 


can be estimated using the following relation: 


0.693 (x/u 


where 2 initial activity for ruck shipment (curies) 
initial activity for air shipment (curies) 
destination distance from shipper (mi) 
mean transport speed for trucks (mph) 


nuclide ha’ > (hrs) 


Using a mean transport speed of 29 mph (12.5 mph for 250 


miles and 55 mph for 750 miles) and a distance of 1000 miles, 


it is found that A, /A, is 1.1 or greater when ti 2 te 275 


hrs (4.75 days) or less. Thus package activity is likely 


Z 


to be increased significantly only for nuclides having half 
lives shorter than this value. Of the specific nuclides 
included in the standard shipments model only Tc-99m and 


Mo-99 have shorter half lives. Of the radiopharmaceuticals 


included under RAPH only Au-198 (65 hours), F-18 (.18 hours), 


Ga-67 (78 hours), Hg-197 (65 hours), In-lll (67 hours) and 


Rb-81 (4.7 hours) have shorter half lives. These nuclides 


account for about 10 percent of the total activity included 
in RAPH. For these nuclides the following A,/A, values 


are obtained using equation (1) for a shipment of 1000 miles: 


Nuclide 


Tce-99 M 
Mo-99 
Au-198 
F-18 


Ga-67 


Hg-197 


package loading it 
srease in shielding is used unless the increased 

would increase the package transport index to greater than 

TI (an effective maximum value for passenger aircraft 
shipments). In that case, it is assumed that sufficient 
shielding is added to limit the transport index to 3. Since 
the F-18 packages are the only ones that would require 
increased shielding, the extra costs to the industry would 


be negligible. 


B.t-2i Radiological Impacts 


The resulting changes in radiological impact obtained 
from chis mode shift are shown in Table VII-4. The overall 
result is an increase in the total person-rem from normal 
transport and a decrease in that resulting from accident 


occurrence. Although the aircraft passenger dose is 


reduced to zero, the dose accumulated during the surface 
transport of the shifted material is increased, giving a 


net increase of about 33 percent in the radiological impact. 


For the accident case, the decrease in radiological 
impact is directly related to the decreased probability of 
experiencing accidents in truck transport of sufficient 
severity to breach plutonium and large I-131 Type B packaging. 
As a result, the latent cancer fatalities resulting from 


accidents decrease. 


Table VI -4. Summary of Results for All Air Shipments by Truck 


Baseline Alternative Change 


Normal Transport L.C.F. 1.166 ree hep, +33% 


Normal Transport 
(annual person-rem) 9589 12810 +33% 


Accidents L.C.F. 5.59 x 1074 4.39 x 1074 21% decrease 


Probability of > 1 = a, 
Early Fatality per Year 7.40 2 260" 6.20 * 10°” 16% decrease 


B.1-1.2 Non Radiological Impacts 


The shift of all radioactive materials from an air mode 
to truck mode implies an increase in truck shipments from 
. g 
’ °] : ‘ 
4.3 x 10* to 2.1 x 10 shipments per year or approximately a 


factor of 5. The total number o2 truck trips per year is 


approximately 108 according to the American Trucking Associ- 


(3) 


ation. Recognizing that more than one shipment could be 
carried on a single truck trip, it is clear that the number 


of truck trips which carry radioactive material shipments is 


at most 0.2 percent. Therefore, the truck transport system 
would be able to handle the additional traffic loads. This 
irformation also supports the contention made in an earlier 
chapter that radioactive materials are carried incidentally 
to the general run of freight transport, and a pro rata share 
of resource use by the industry is not readily chargeable to 


radioactive material transport. 


Cost comparison of a mode shift from air to truck 

hinges on the timeliness of transport and on the basic cost 
of transporting a package in each mode. The increased initial 
loading of short half-life materials, in addition to imposing 

radiological impact, also produces a cost penalty. Estimates 
of the incremental cost of this increased material are based 
on retail cost figures obtained from radiopharmaceutical 
supplier catalogues. Tne figures used are shown in Table VI -5. 
The actual costs to the supplier are estimated to be 50 
percent of the retail costs. The total annual additional 
cost is obtained by multiplying the incremental cost in 
dollars/Ci times the number of additional curies required for 
shipment by the truck mode. The latter quantity is computed 
by multiplying the number of curies per year shifted from air 


to truck by the factor [e/a ~ 


To evaluate differences in custs between truck and air- 
craft transportation the following data was obtained from 
Albuquerque, New Mexico offices of airline and truck trans- 


port which operate on a national scale. 


Freight Rates for 1000 Mile Trip 


4 


Truck Air 
$.1177/1lb. (<2000 lb.) $.32/lb. (<100 1b.) 
$.1083/1lb. (2000-5000 lb.) $.241/lb. (100-1000 lb.) 
$.0559/1b. (Truckload) $.1905/lb. (1000-3000 lb.) 


TABLE VI +5 


(4) 


Incremental Cost in Extra Isotopic Material at Retail Prices 


Retail Total Retail 
Curies Incremental Incremental 
Nuclide /P ase ni Alternative Cost ($/mCi) Cost/yr (S$/yr) 


Tc-99m - Ais x ) ae 96° 
Mo-99 
Au-198 
F-18 
Ga-67 
> RAPH 1.095 
Hg-197 
In-111l 


Rb-81 


TOTAL $360,000,000* 


*Total annual cost to supplier estimated to be half this value. 


Only the inter-city fraction of the trips are of interest, 
since it is assumed that the secondary mode segment of either 

replacement are virtually identical. The 

resulting from truck transport in place of 
transport is shown in Table VI-6. The net savings in 

1al transportation is small compared to the cost of the 

ive material required to make up that lost, by 

decay in the slower truck mode. The net additional 


ransporting by truck all radioactive materials normally 


6 : : 
ais te Seo x Le. There is no cost benefit 


this case, since the alternative results in both 


increase in population dose and an increase in cost. 


B.1-2 All Passenger Air Transport by All Cargo Airy 


m 


The second option to be considered shifts radioactive 
material carried as cargo in passenger aircraft to all cargo 
aircraft. The standard shipments for this alternative are 
shown in Table VI -7. By comparison with Table VI -2 the 


following changes are evident: 


Shipments by passenger air have been deleted and the 
shipments have been reassigned to cargo air. 

The mileage for secondary modes associated with 
cargo air shipments has been increased to 200 miles 
to account for the more limited coverage of United 
States areas by air freight handling facilities 


compared to passenger facilities. 


The mode shift described in this alternative may not be 
readily achievable without shifting some shipments entirely 
to the truck mode, but for the purposes of this comparison, 
that possibility will not be considered. Rather it is assumed 
that the required coverage can be achieved by the "package 


airfreight lines" which have begun to serve many parts of the 


TABLE VI -6 


Transportation Costs - Air Transported Materials by Truck 


Freight Cost 
per Shipment Annual Air Cost- 
Material I / Miles/Shipment Truck Air Truck Cost in Dollars 
Tc-99m of 1000 ‘ 14.00 $5 x 
I-131 small ae 1000 x -00 Le 
Ir-192 RM. ‘ 1000 eri -0 Ee 
Plutonium ° 1200 ° -00 34 
Mo-99 large z 1000 ‘ a as 
Mo-99 small ‘ a 1000 
I-131 large 50( ‘ 1000 


RAPH large : . 1000 


RAPH small ‘ x 1000 


*Cost per 1000 mile trip, except for plutonium, where the cost is given for a 2000 
mi trip. 


TABLE VI -7. All Passe. jer Air Shipments by All 
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United States. It should be noted that a shift to package 
airfreight will involve transport in smaller aircraft, 

which statistically have higher accident rates. Exposure 
to crew members will also increase due to the smaller ai:- 


craft dimensions. 


No significant increase in package curie content has 
been postulated in this alternative to account for increased 
time between shipment and use. While it is expected that 
shipment wiil be slightly slower, the effect is not expected 
to be significant because the ground transport link is limited 


to 200 miles. 


B.1-2.1 Radiological Impacts 

The changes in radiological impacts resulting from 
adopting this alternative are shown in Table VI -8. The 
increase in overall person-rem and latent cancer fatalities 
again results from two counteracting changes. A decrease 
in population dose is achieved by the removal of dose to 
passengers, but this is offset by an increased dose resulting 
from increased mileage in the secondary transport mode. In 
Spite of the fact that the accident rate for cargo aircraft 
1s approximately three times that for passenger aircraft, the 
impact of ‘this alternative upon the accivuent risk is small, be- 
cause the material transferred from the passenger air to the cargo 


} 


air mode is a minor contributor to the total accident risk. 


Bok*2.2 Non-Radiological Impacts 


There are no significant non-radiological impacts from 


this alternative other than the possibility of increased costs 
required to serve outlying cities by package airlines. Some 
scheduling difficulties are likely as a result of fewer flight 
of air freighters as compared to passenger aircraft. As in 


the previous alternative, no additional resource use is likely. 


Table VI -8. Summary of Results for All Passenger Air to All 


Cargo Air 


Baseline Alternative 
Normal Transport L.C.F. 1.166 1.392 


Normal Transport 
(annual person-rem) 959! 11450 


Accidents L.C.F. Ds x ) Seon 3 


Probability cof > Early 


: = = Aan 8 - a” 
Fatality per year ~ 4 7.40 x 16 


As in the previous alternative, there is no cost-benefit 
trade-off, since the alternative results in an inciease in 


population dose and in a possible increase in transport costs. 


B.1-3 All Cargo Air by Passenger Air 
This alternative is the opposite to that previously 


discussed. Shifting radioactive materials now carried on all 
cargo aircraft to passenger aircraft affects a wide variety 
of materials, ranging from medical use isotopes to well- 
logging sources and raw material shipments for the radio- 
pharmaceutical industry. Table VI -9 shows the changes in 
the standard shipments to accommodate this alternative. in 
contrast to the previous case, the material shifted to 
passenger-carrying aircraft travels a shorter distance ina 
secondary mode because of the greater coverage by passenger 
flights of areas within the United States. In Table VI -9 
the shifting of shipments from cargo to passenger air is 
shown as complete, but it is possible that certain large 
shipments such as Ir-192 raw materials might not be accommo- 
dated in the cargo holds cf passenger aircraft. It is likely, 
therefore, that the changes in radiological impact are an 
upper limit to what might occur if this alternative were 


instituted. 


TABLE VI -9. All Cargo Air Shipments by Passenger Air 
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B.1-3.1 Radiological Impact 


The changes in radiological impact are shown in Table 
VI -10. It is seen that the total person-rem/year resulting 
from normal transport is decreased by 14 percent from the 
paseline case. Although passenger exposure increases, a 
nuch larger decrease in exposure results from a reduction in 
total miles travelled in secondary modes. The accident risk 


is also decreased. 


B.1-3.2 Non-Radiological Impact 
No significant changes in non-radiological impact are 


>xpected. 


Table VI -10. Summary of Results for All Cargo Air by 


Passenger Air 


Baseline Alternative Change 
Normal Transport L.C.F. 1.166 1.004 14% decrease 
Normal Transport 
(annual person-rem) 9589 8254 14% decrease 
Accidents L.C.F. 5.59 x 1074 4.02 x 1074 23% decrease 
Probability of > Early 7 -8 
Fatality per year 1,46-2:20:~ Suto ee 20 23% decrease 


The benefit in this case is a reduction in total annual 
L.C.F. by 0.162 L.C.F. The monetary equivalent of this re- 


duction, as discussed in Section A of this chapter, is 
6 


$1.3 x 10°. The annual cost for the necessary additional se 


. ‘ , 
condary mode mileage is estimated to be $4.4 x 10°, at 13 cen 


per mile for vehicle operation and $6 per hour for driver's 


salaries. Thus, the alternative costs are higher than those 


of the baseline case. 


VI-19 


B.i-4 All Cargo Air Shipments by Truck 

In this alternative all cargo air shipments are trans- 
ferred to the truck mode. The actual mileage in the truck 
mode was estimated to be approximately the same as the airline 
miles. The time delay between shipment and use is of interest 
for this alternative since the shift is from a relatively fast 
mode to a relatively slow one. Following the same techniques 
used in the transfer of all air-transported material to truck 
produces a much smaller effect in this case, since Tc-99m, 
which dominated the earlier case, is not shipped by the air 
cargo mode. The standard shipments for this alternative 


are shown in Table VI -ll. 


B.1-4.1 Radiological Impact 


The changes in radiological impact resulting from 
adoption of this alternative are shown in Table VI -12. For 
normal transport there is only a 2% increase in the 
total population dose. The risk from accidents decreases 
by a factor of 5 as a result of the reduced probability 
of encour.tering a truck accident severe enough to breach 
Type B packaging containing plutonium or other nuclides 


currently carried in cargo aircraft. 


B.i1-4.2 Non-Radiological Impacts 

The non-radiological impacts resulting from shifting 
material from all cargo air to truck are chiefly economic. 
A cost penalty is associated with the increased quantities 
of material which must be added to a package in order to 
insure the proper radioactivity content at the point of use. 
Using the same cost data and analysis technique as in 


Section B.1-1.2 for the reduced numbers of shipments and 


nuclides effected in this alternative, the net cost penalty 
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to the shippers is expected to be the cost for extra material 


required for the slower truck mode ($6.3 x 10°/yr) offset 


; F ; 6 
by the transportation cost savings ($1.2 x 10 /yr). This 


amounts to an increased cost of about $5.1 x 10° yr. 


Table VI -12. Summary of Results for All Cargo Air by Truck 


Baseline Alternative Change 


Normal Transport L.C.F. 1.166 1.595 2% increase 


Normal Transport 
(annual person-rem) 9589 % increase 


Accidents L.C.F. 5.59 x 10” decrease 


Probability of > Early 


-8 
Fatality per year 7640) x LO 


6.20 x 10°° 16% decrease 


Since the annual LCF and the annual cost both increase, 


this alternative is not cost-effective. 


B.1-5 All Plutonium by Truck or by Rail 
These alternatives are a possible means of reducing the 


accident risk which results from plutonium shipments on air- 
craft. Other alternatives with the same general goal but 
using package design changes, transport vehicle limitations, 
and operational constraints, are discussed later in this 


Chapter. 


alrcraft could be shifted 


Or rail without additional 


is typically the size of 


long that 
timeliness of transport is not important. Ho > its 
strategic value as weapon material means that any mode shift 
any other Special Nuclear Material) in 
requires careful consideration of the 
security required for protection against theft or sabotage. 
Because that aspect of the problem and the costs which it 


represents are discussed elsewhere,* it will t be 
reiterated here or for subsequent alternatives which change 
the mode of handling plutonium. Consideration will be con- 
fined to the radiological and non-radiological aspects of 


the environmental impact. 


The standard shipments, as revised to account for a 
transfer of plutonium from cargo air to truck, are shown in 


Table VI ~13, and for transfer from truck and cargo air to 


rail in Table VI -14. In the case of transfer of plutonium 


to truck or rail, no secondary mode transport is expected. 
It is reasonable to assume that either truck or rail delivery 


of plutonium would be direct from the shipper to the receiver. 


B.1-5.1 Radiological Impact 


The effects of shipping plutonium either all by rail or 
all by truck are negligible in the normal transport case 
(see Tables VI -15 and 16). In the accident case, both 
alternati‘yes result in a decrease in annual 
result of the lower rates for severe accidents in surface 
transportation. The total accident risk decreases by 21% 


for truck and by a factor of 3 for rail. 


*See discussions of Security and Safeguards, Chapter VII. 
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Table VI ~-15. Summary 


Normal Transport L.C.F. 
Normal Transport 
(annual person-rem) 


+ 


Accidents L.C.F. 


Probability of > 1 Early 
Fatality per year 


10— 


fe) 


Table VI -16. Summary of Results for All Dud, by Rail 


Baseline Alternative Change 
Normal Transport L.C.F. 1.166 1.165 0 


Normal Transport 
(annual person-rem) 9589 9584 0 


s bi -4 -4 
Accidents L.C.F. 5.59 x 20 Esa9 %. 20 factor of 


3 decrease 
Probability of > 1 Early 


- 8 
Fatality per year 7,40 %:20 


8 o~ 
3.65 x 10 factor of 


2 decrease 


The transfer of all air-shipped plutonium to either truck 
or rail results in essentially no change in total annual L.C.F. 
The savings in transporting by truck the 112 shipments that 
normally would go by air was estimated in Table VI -6 to be 
$3400 per year. However, the additional expense required for 
safeguarding those plutonium shipments in excess of 2 kg would 
probably exceed the savings in freight charges because guards 
would have to be employed for surface shipments. Since the 
safeguards requirements are currently under consideration by 


NRC, no estimate can be made at this time of the total cost. 


B.1-6 All Spent Fuel By Truck 
There is currently little spent fuel being shipped because 


of the lack of operational fuel reprocessing plants for LWR 
fuels. The massive nature of the spent fuel casks implies that 
the transport of spent fuel by truck instead of rail is likely to 
mean more shipments, each with fewer elements in smaller casks, 
in order to keep the total mass within the tonnage limit for the 


truck mode. Considering present-day fuel element casks which 


allow seven “uel elements to be transported by rail in a single 
cask and s. le element casks used for truck shipments, as much 
as a sevenfold increase in the number of shipments would be 
required under this alternative. It is assumed that each single- 
element truck cask has the same external radiation level as 

the seven-element rail cask. The standard shipments for this 


alternative are shown in Table VI -17. 


B.1-6.1 Radiological Impacts 


The radiological impacts from this alternative are 
summarized in Table VI -18. The changes in total radiological 
impact are small; an increase of approximately 177 person-rem 
or 2% in population dose results from normal transport operation. 
The increased exposure of people on and around the transporta- 
tion link and the increased number of shipments account for the 


increase in population dose. 


The mode shift produces a negligible change in accident 
risk, since the same total quantity of material is trans- 
ported per year, even though it is in a larger number of ship- 
ments. The consequences of a single accident are reduced, 


because each vehicle carries a smaller quantity of material. 


Table VI -18. Summary of Results for All Spent Fuel by Truck 


Baseline Alternative Change 
Normal Transport L.C.F. L166 1.188 +2% 
Normal Transport 
(annual person-rem) 9589 9766 +2% 
. - ce ~4 
Accidents L.C.F. §.59 x 10 : O98 LO 0 
Probability of > 1 F rly -8 ar: 
Fatality per Year PaO R. LO o4 & 210 0 
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B.1-6.2 Non-Radiological Impacts 


The non-radiological impacts arising from this option are 
likely to be largeiy economic. The estimated costs for shipment 
of irradiated fuel by rail and by truck are shewn in Table VI -19. 
It is evident from the table that the cost for transporting 
seven single-element casks by truck is about the same as for 


transporting one seven-element cask by train. 


Table VI -19. Economics of Rail-Truck Mode Shift for Spent Fuel 


Regular 
Freight 
Train* 


7 element shipment $9000 


*100 Ton, 7 element fuel casks 


**8 Ton, 1 element fuel casks 


Since there is no significant cost difference involved, and 
there is in fact a slight increase in annual L.C.F., the 
alternative of transporting all spent fuel by truck does 


appear to be cost effective. 


B.1-7 All SSNM by Cargo Air and Helicopter 


This alternative was chosen to evaluate the risk resulting 


from adoption of proposals Suggesting* that transpoit by 


air represents a more secure secondary transport mode for SSNM. 
The calculation of the radiological impact only addresses a 
mode change for plutonium (see Table VI -20), since plutonium 
iS the principal hazardous member of the SSNM group. Thus, all 
plutonium shipments are considered to be transported by cargo 
rcraft, with helicopter serving as the secondary mcde for 


transporting the material to and from the airports. 


*See discussions of Security and Safeguards, Chapter VII. 
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B.1-7.1 Radiological Impacts 

The changes in radiological impacts which result from this 
mode shitt are shown in Table VI -21. While the normal trans- 
portation population does is essentially unchanged, there is 
an increase in pvovulation risk from accidents resulting 
from this mode sh..ft. A comparison of these results to those 
in Table VI -15 for aJ’ plutonium shipped by truck shows that 
the number of accident-prod: ". latent cancer fatalities is 
a factor of 1.8 times th: ft the case of shipping all SSNM 
by truck. The probabilits >° « or more early fatalities p2r 
year is 32% greater for tu: .argo air/helicopter case than for 


the truck only case. 


B.1-7.2 Non-Radiologicis | ‘pacts 

The primary non-rac }‘ical impact of this alternative 
would result from the { tosts of safeguarding the SSNM. 
Since the security iikely to outweigh the transporta- 
tion costs differen " 2n the baseline case and this 
alternative, and because the security requirements are currently 
under consideration at the NRC, no satisfactory estimate of the 


economic impact can be made at this time. 


Table VI 21. Summary of Results for Ali SSNM by “argo Air 
and Helicopter 


Baseiine Alternative Change 


Normal Transport L.C.F. L266 i SelM Se 0 


Normal Transport 0 
(annual person-rem) 


Accidents L.C.F. ‘ j " 38% increase 


Probability of > 1 Early : -8 
Fatality per year 7,4! 8.18 x 19 11% increase 


B.2 Operational Constraints on Transport 

In this section the effects of placing safety restrictions 
on carriers of radioactive material are considered. Four 
general topics are addressed: (1) restricting the specific type 
of vehicle, (2) restricting air transport to lower risk flight 
conditions, (3) restricting highway transport tc lower risk 
driving conditions, and (4) restricting rail transport of 


irradiated fu to special trains. The results are compared 


4 ' 
with the baseline standard shipments. 


B.2-l1 Vehicle Model Restrictions 


(5) 


Studies have been conducted which indicate that certain 
specific air transport vehicles have better safety records than 
others. This fact suggests that constraints might be applied 
to air carriers to limit the choice of aircraft used for 
radioactive materials shipments. In order for this alternative 


to be evaluated, several features must be considered: 


Larger planes carry more passengers, more flight 
attendants, and may have larger flight crews but 

have lower TI-to-dose-rate conversion factors for 
passengers, attendants, and crew because of their 
larger size. 

Smaller planes carry fewer passengers, flight 
attendants, and crew but have higher TI-dose-rate 
conversion factors because materials are stowed 
closer to the cabin and/or cockpit. 

Restrictions on type of aircraft may create scheduling 
constraints if a particular type of aircraft does not 
service a particular airport, does not adhere to a 


useful schedule, or is not used by a particular carrier. 


The baseline analysis was performed using "average" 


values for accident rates from the National Transportation 


(6) 
7) 


Safety Board (NTSB) * and average values for TI-to-dose-rate 


conversion factors. In order to consider the effects of 


specific aircraft for both passenger and cargo service, the 
accident rate specified for the aircraft mode1 >) under 
consideration is used. The effects of differences in numbers 
of passengers, crew, and flight attendants are handled ina 
Similar way. The TI-dose-rate conversion factors are estimated 
to be inversely proportional to the squares of the lengths of 


tee 


the various aircraft models. The results are summarized 
in Table VI -22. Based on this table, the choice of aircraft 
can produce up to a 10 percent increase in the normal transport 


L.C.~. ‘a 50 percent occupancy figure was used) 


Four aircraft models considered resulted in a decrease in 
total ann -* L.C.F. (see Table VI -22). The Convair-880 four 
engine ti yet gave the greatest reduction: 0.016 'L.C.F. per 
year or ec valently, $130,000 per year. However, a comparison 
of the operating costs using 1974 CAB data reveals that the 
Convair 880 costs about $40 per hour more than the Boeing 727-100. 
The $130,000 per year benefit would be completely offset by the 
increased direct operating costs alone in 1100 flights, which 
is about two orders of magnitude less than the total nwaber 


of flights per year carrying radioactive material. 


The greatest contribution tothe annual L.C.F. resulting 


from accidents involving radioactive materials shipments is 


*These values are conservative since they include all air 

carriers. Turbofan and turbojet values are generally lower 
(as reflected in the following table) and these aircraft are 
usually used for commercial RAM flights. 


TABLE VI -22 


Summary of Results from Use of Various Models of Aircraft 


4-Engine 
Turbofan 

90 Passengers 

6 Attendants 


Base Line 

60 Passengers 
4 Attendants 
133 Ft. Long 


2-Engine 3-Engine 4-Engine 
Turbotfan Turbofan Turbojet 

60 Passengers*} 95 Passengers 55 Passengers 

4 Attendants 6 Attendants 4 Attendants 


4-Engine 
Turboprop 

50 Passengers* 

4 Attendants 


(Boeing 727) .84 TI/dose 2.0 TI/dose -76 TI/dose -94 TI/dose 1.7 TI/dose 
factor** factor** factor** factor** factor** 
(Boeing 707) (Boeing 737) (Boeing 727- (Convair 880) | (Lockheed 
200) L-188) 


-4 -4 
.CF Accident 3.9 x 10 4.86 x 10 
erson-rem/year 9827 10,510 9939 
‘normal ) 
CF Normal 195 1.278 1.215 
‘otal LCF 195 1.279 1.216 
robability of -8 = -8 -8 
Short Term 5.59 x 10 6.65 x 10 9.64 x 10 


Fatality per year 


*a 50% occupancy figure is assumed in obtaining this value. 


**This factor, when multiplied by the TI/doserate conversion factor for the baseline case, gives the 
TI/dose-rate conversion factor for this alternative. 
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made by plutonium. Approximately the same reduction in accident- 
caused by L.C.F. (with no increase in normal case L.C.F.) could 
be achieved by requiring only } onium shipments to be trans- 
ported by aircraft models with lower accident rates. Since 
comparatively few shipments would be involved 1 this case, the 
alternative would probably be cost-ef 

common to the following alternatives 


accident ratio. 


B.2-2 Air Transport Restrictions 


B.2-2.1 Prohibit Shipments of Radioactive Materials under Adverse 
Weather Conditions 


316) 


Statistics ° 


show that a major factor in 32 percent of 
air carrier accidents is adverse weather conditions. Since 
most instrument flight rules (IFR) accidents are landing 


e 
accidents; ‘>"9) 


an appropriate restriction might be expressed 
as a necessity for visual flight rules (VFR) conditions at the 
destination airport. If all radioactivematerial flights were 
required to follow this restriction, the accident rate would 
be reduced to 7g percent of the baseline value. As noted in 
Table VI -23, a 19 percent reduction in annual expected latent 
cancer fatalities results from accidents involving RAM ship- 
ments. This change does not affect the normal mode impact. 


Some potential implications of this alternative are: 


TABLE VII-23 Summary of Results for Limiting Operation Under 
Adverse Weather Conditions 


Baseline Alternative Change 


Normal Tray Siete ia 1.166 1.166 
Normal Trans 


(annual person-rem) 9589 


mecidents L.C.F. S05 x10" * % decrease 
Probability of > 1 Early 


Fatality per Year 7.60 * 16° 6.86 x 1078 


decrease 


Short half-life materials might have to be shipped 
from supplier to user in substantially larger 
quantities to insure that weather-caused delays would 
not result in excessive radioactive decay of the 
material before it reaches the user. A severe storm 
might necessitate IFR restrictions from a few hours 


to 3 or 4 days. If a Tc-99m supplier were forced 


to allow for a 72-hour delay, he would have to increase 
the number of curies shipped by a factor of about 4100. 
In the case of Mo-99, the amount would have to be 
doubled; and, in the case of I-131, the quanticy would 
have to be increased by a factor of about 1.3. Some 
effects would be higher TI values, more shielding 
required, and larger raw material requirements. 

Use of scheduled carriers would be virtually im,vossible 
since they normally meet their schedules only by ‘lyi1 
during both IFR and VFR conditions. This might furce a 
switch to an exclusive charter air taxi service with 
its attendant higher accident rates and potential., 
higher crew exposures (if smaller aircraft were used). 
Another possibility is that the shippers might be forcea 
to contract for the exclusive use of commercial aircraft 
to ship their material or to take special routes to 
avoid IFR situations. Finally, cargo handling and 
management schemes would need to be improvea to enable 
on-load, off-load, and shuttling of materials between 
flights during adverse orpotentially adverse weather 
conditions. This implies not only additional expense 
but also higher dose to hanclers and warehouse person- 
nel. The potential for several days of warehouse 
storage awaiting VFR conditions also implies addi- 


tional dose to warehouse personnel. 


Development of IFR conditions during flight or 
energer~y needs for radioactive materials during IFR 
conditions would have to be analyzed, and provisions 


for exceptions would have to be included in the 
regulations. 


The reduction in total annual L.C.F. is negligible, and 
the cost for implementing the alternative, as discussed, 
could be very large. One airline estimates that the cost of 
grounding of Boeing 727-200 aircraft for one day is about 
$20,000, or about $830 per hour. The total number of hours 
of flying by commercial aircraft under IFR conditions is far 
greater than that which would offset the relatively benefit 
which would result. 


B.2-2.2 Permit Radioactive Materials to be Carried on Daytime 


fLights on 


Statisties:**° show that a major factor in 25 percent of 
air carrier accidents is nighttime flight. As shown in Table 
VII-24, restricting flights to daylight hours reduces the accident 
latent cancer fatalities and the annual early fatality pro- 
bability about 10 percent below baseline values. As in B.2-2.1, 
the normal case results are not changed. This alternative 
permits regular scheduling and does not require substantially 
larger amounts to be shipped from supplier to user although 
a slight increase might be required for a transcontinental 


shipment of very short half-life material. 


TABLE VI -24 Summary of Results for Only Daytime Flights 


Alternative Change 
Normal Transport L.C.F. ] 66 1.166 0 


Normal Transport ot 
(annual person-rem) > 8 § 958 0 


Accidents L.C.fF'. 5.59% ) 4.98 x 11% decrease 


Probability of > 1 Early -2 
Fatality per Year 7,40 % 8% decrease 


The total number of C.F. is reduced by a 
negligible amount; however, the slight reduction in accident 


L.C.F. could be achieved at very little additional cost. 


B.2-2.3 Restrict Flights Carrying Radioactive Materials such 
that High Population Zones are Avoided 
In this alternative the use of airports insuburban population 


zones rather than major metropolitan airports is considered. An 
example of such a change would be use of Ontario Airport in Ontario, 
California, in place of Los Angeles International Airport. This 
alternative is modeled by changing the fraction of travel in high 
and medium population zones for aircraft and associated van links. 
The fact that flights avoid high population density zones means a 
substantially lower population risk resulting from flight accidents 
since the bulk of airplane accidents occur in the immediate vicinity 
of airports during takeoff or landing. ‘9? 
If air shipments through ..igh population zones are eliminated, 
the consequence of the maximum accident scenario (a class VIII 
accident. dispersing plutonium-239) is reduced by a factor of 10, 
which corresponds to the reduction in the pepulation density at 


the potential accident site. 


Some additional considerations relating to this alternative 


a. The choice of available carriers could be restricted, 
Since not all major carriers, particularly cargo air 
Carriers, provide comprehensive service to suburban 
airports. 

Additional secondary mode (van) mileage necessitated 
by the longer distance from primary link terminus to 
ial user implies an additional annual cost of about 
ri.5 million (at a cost of 13¢/mile). If the longer 
secondary mode trip uses freeways wherever possible at 
an average speed of 45 miles per hour, the additional 
cost. for salaries would be $21 million (at a rate of 
$6 per hour for an operator). 
It should be noted that some major urban airports 
already located in lower density population zones 


Dulles International Airport). 


TABLE VI -25 Summary of Results for Flights Avoiding High 
Population Zones 


Baseline Alternative Change 


Normal Transport L.C.F. 1.166 t.097 6% decrease 


Normal Transport 


(annual person-rem) 9589 9021 6% decrease 
Accidents L.C.F. 5.56830 7 -« 6.332 467 


Probability of > 1 Eariy -8 
Fatality per Year 7.40 x 10 


10% increase 
3.62% 1078 16% increase 


The total annual L.C.F. is reduced by 0.069 L.C.F., equivalent 


to $567,000 per year. When compared to the annual additional 


eost of $22.5 x 10° associated with the longer secondary mode trip, 


it is clear that the cost of the alternative is much greater 


than the monetary value of the decreased dose. 


Highway Transport Restrictions 


Route Trucks on Turnpikes or Interstate Highways, 
Restrict Driving to Periods of Good Weather, or Specify 
Additional Training for Truck and Van Drivers 


The net result of any of these three alternatives reduces 


(10) This reduction 


in truck accident rate has a relatively small effect on the 


the truck accident rate by about 10 percent. 


overall impact of radioactive material transportation. See 


Table VI-26 for the actual results achieved. 


Restricting trucks to good weather driving has the same 
attendant problems as that for the VFR-only rule considered 
earlier. A potential problem is the possibitity that a truck 
could be forced to stop for several days in a high population 
density area to wait for weather to clear. The resulting additional 
population exposure might be significant. As with the aircraft IFR 
restriction, additional warehcuse storag:: und multiple handlings 


would increase the population dose. 


Specific training for truck and van drivers to avoid stops in 
high population areas, to minimize stop times, to pick routes to 
avoid population centers, and to correctly handle and stow packages 
would minimize the impact of the van portion of the air transport 
mode. Because of the large number of variabl:s involved, no effort 
was made to quantify this effect. It is sufficient to note that of 
the 7995 person-rem charged to modes involving a secondary link 
(ca.go air, passenger air, and rail) 5229 person-rem results from 


the secondary link. 


Turnpike routing is generally used by most long-haul carriers 
since limited-access highways provide the most direct routes 


and optimal driving conditions. Since the truck must still 


pick up merchandise, make deliveries, and 


areas, the normal dose would not be substanti 


Table VI -26. 


Normal Transport L.C.F. 


Normal Transport 
(annual person-rem) 


Accidents L.C.F. 


Probability of > 1 Early 
Fatality per year 
ae x 


B.2-3.2 Restrict Trucks Carryin Radioactive Materials to a 
Maximum Speed of 45 mph 
Restricting trucks to a lower speed-limit (for instance, 
10 mph below posted limits) reduces the highway accident rates 


(10) 


by about 5 percent. This has a small effect on the 


accident impact; however, trips take longer, and the ex- 
posure to people living aluny tne niyhway ana to people snar- 


ing the highway with such trucks increases slightly. A non- 
radiological effect of this alternative would be an additional 


annual travel time of 8.4 x 104 hours (using 45 mph highway 


speed and shipment data assumed in the model), corresponding 
<Oo $1 - 2 million in additional salaries and vehicle and equip- 
ment use costs. The costs micnt be partially offset by a 

small decrease in operating expenses resulting from improved 
fuel consumption and reduced maintenaice. Since all trucks 
would not be affected, law enforcement officials would be 
hampered in their ability to enforce the reduced speed limit. 
The change in radiological consequences for this alternative 


are shown in Table VI-27. 


Table VI -27. Summary of Results Restricting Truck Speed to 45 mph 


Baseline Alternative Change 
Normal Transport L.C.F. 1.166 be yas 0 
Normal Transport 0 
(annual person-rem) 9589 9620 
Accidents L.C.F. 5.59 x 10 * 5.43 2 10° 2% decrease 
Probability of > 1 Early -8 -8 
Fatality per year P.O ee 20 tcto & LO 3% decrease 


This alternative is clearly not cost effective since it results 


ina slight increase in total annual L.C.F. and in a higher cost. 


B.2-3.3 Restrict Trucks from Treveling on Weekends 
Prohibiting inter-city truck travel on weekends provides 
a significant reduction (50%) in truck accident rates. '>) The 
change in accident LCF and annual early fatality probability 
are approximately 30%. In the analysis of this alternative, it 
was assumed that secondary mode transport was not restricte 
to weekdays only in order to serve the aircraft shipping moces. 
Prohibition of weekend truck travelmight prove a burden 
to radiopharmaceutical shippers and users since a large number 
of short half-life isotopes are shipping on Saturday evening to 
arrive for use on Monday morning. One result might be shipment 
on Friday for use on Monday with an associated increase in 
required amount of material shipped from supplier to user to 
allow for weekend decay. This would increase the package TI 
value or require more shielding. Another possibility would be 
a restructuring of radiopharmaceutical use by physicians to 


allow for later deliveries. Results of adopting this alter- 
native are shown in Table VI-28. 
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Table VI -28. Summary of Results for No Weekend Transport 


Baseline Alternative 
Normal Transport L.C.F. 1.166 1.166 


Normal Transport 
(annual person-rem) 9589 9589 
Accidents L.C.F. 59 x 10° 


Probability of > 1 Early 


Fatality per year 40 x 107° 


oe +nA7O0 
F248 20 


The benefit, i.e., the reduction in annual L.C.F., in this 
case is only $1209 per year. The cost for the additional 
material alone would exceed this figure. Thus, it does not 


appear to be cost effective. 


B.2-4 The Use of Special Trains r Irradiated Fuel Shipments 


The effects of an action requiring the use of special trains 
for irradiated fuel shipments are considered in this section. 
A special train used excl ively for spent fuel shipments could 
presumably travel at a slower speed than ordinary freight trains 
Carrying both spent fuel and other cargo. The severity of a 
possible train accident involving the special train should, on 
the average, be less as a result of the reduced speed, with a 


correspondingly reduced probability of release of the contents. 


In their study and classification of freight train accidents 
Clarke et a, ‘+2) noted that approximately 83% were derailment 
accidents, 7% were collision accidents, and about 10% were 
attributed to other causes. Grade crossing accidents were not 
considered, since they rarely involve significant damage to the 
cargo. Almost 90% of all derailment accidents occurred at speeds 
less than 40 mph. Thus, it is difficult to see how the use of 


special trains at reduced speeds (35-40 mph) could substantially 


reduce derailment accidents. Collision accidents probably 
wouldn't be reduced as long as the special train shared the 


track with other trains. 


If it were possible for special use trains to avoid popu- 
lated areas, the population exposure resulting from normal 
transport would be only slightly reduced, since spent fuel 
shipments contribute only about 6% to the normal transport 
population exposure. Since most railroads pass through 
urban areas rather than around them, the special trains would 
be forced to go through urban areas unless special tracks were 
laid to avoid them. Furthermore, the reduced speeds would 
probably result in greater exposure to the sirrounding population, 
which accounts for 86% of the baseline normal transport pop- 


ulation dose from spent fuel shipments by rail. 


The cost of a spent fuel shipment involving seven fuel 
elements by dedicate? train is estimated to be $24,000, vs $9,000 
by regular freight train or truck (see Table VI -19). If all 380 
annual spent fuel shipments considered in the baseline case were 


transported by special train, the additional cost would be 


taet & 10° per year. In order to justify this cost from a risk 


point of view, the total annual L.C.F. would have to be reduced 

by about 0.7 L.C.F., or roughly by about a factor of 2. Since spent 
fuel shipments account for .065 L.C.F. per year, including the 
contributions of both normal transport and accidents, the use 


of dedicated trains does not appear to be cost-effective. 


B.3 Restriction on Form or Quantity Shipped 
The physical and chemical form of radionuclides transported 

can strongly influence the amount of material released in an 

accident and the pathway to eventual radiation exposure of man. 


Restrictine the maximum quantities of radioactivity allowed on 


a vehicle limits the amount of material available for release 


in an accident, and hence the magnitud2 of the consequences. 


B.3-l Restrict the Physical and/or Cnemical Form of Shipped 


Material 

In Chapter V, serious radiological consequences were 
noted when plutonium bearing particles were deposited in the 
lungs. This deposition occurs for such particles having 
aerodynamic diameters smaller than 10 icrometers; larger 
uiameter particles have a very small probability of pulmonary 
Gepositin and consequently do not constitute as severe a 
health hazard to man. Thus, the consequences of an accident 
are directly. proportional to the respirable fraction of the 


material released. 


A tabrication techniqiie for production of fuel containing 
plutonium to be used in reactors involves precipitation of 


the oxalate and calcination to produce PuO, povder. One fuel 


2 
fabricator believes that, ny relatively small changes in 


process parameters, the respirable fraction of the PuO, powder 


2 
might be significantly reduced if such a modified process were 
developed. Another possible method of reducing the quantity 


of respirable material released in an accident is pelletizing 


the Pud., powder prior to shipment. It might be possible by 


either technique to reduce the respirable fraction of particles 
released in an accident to 1 percent of the total quantity 


shipped. 


The results of achieving such a respirable fraction is 
shown in Table VI -29. A: hough no chans’ in normal transport 
annual L.C.F. results, a factor of 16 de. ease is obtained in 
accident L.C.F. In addition, because of the reduction in re- 
Spirable fraction, doses received by individuals in close prox- 
imity to : reiease woujd be sufficiently low that the proba- 
bilivc, of early fatality ‘by pulmonary fibrosis) is negligible 


compared wiih the baseline case. 


Summary of Results of Limiting PuO. Respirable 
Fraction ” 


Baseline Alternative 
(20% resp. Pu) (1% resp. Pu) Change 
Normal Transport L.C.F. 1.166 1.166 0) 


Normal Transport i 0 
(annual person-rem) : 9539 


-5 
Accidents L.C.F. 3 2 3-94 xX LU factor of 16 
decrease 


Probability of > 1 Early _ 
Fatality per year , 100% decrease 


The reduction in L.C.F. corresponds to an annual benefit of 
$4300. Although a process for red:cing the respirability 
of Pud. has not yet been developed, the process development 
cost may be sufficiently small tc make this alternative cost- 


effective. 


B.3-2 Restrict Material Shipped per Vehicle 

Under the assumption that a given amount of material will 
have to be shipped, the reduction of the amount allowed on any 
given vehicle would simply result in more shipments. Increased 
transportation «.°“s and, for SSNM shipments, increased security - 
costs would resuit from this re.criction without a corresponding 
reduction in the annual. population dose or in the risk due to 
accidents. However, the consequence of an accident, should one 
occur, is reduced in proportion to the reduction of the amount 


of material on a given vehicle. 


Revision of Packaging Standards, Package Quantity Limits 
and TI Limits 


The alternatives considered in this section are concerned 


with the reduction in the risk of transporting radioactive 


materials by three general methods. The first is a revision 

of the packaging standards to assure survivability (no release 

of radioactivity) in all but the most extreme accident conditions. 
The second involves a lowering of the quantity limits for radio- 
active materials packages, thus limiting the amount of radioactive 
material available for release in any given accident. Finally, 


the effects of lowering the package TI limits are discussed. 


B.4-1 Revision of the Packaging Standards 


The results of the risk analysis for current shipping 
practice have shown that the expected contribution of accidents 
involving radioactive materials shipments to the overall annual 
population dose is negligible compared to the normal trans- 
port contribution. Even though the probability of occurrence 
of a severe accident involving plutonium, for example, is very 
small, the consequence of such an accident could be large. 

It is for this reason that alternatives which reduce the 
amount of radioactive material dispersed in an accident are 


considered. 


Since current packagings (Model II release fractions) are 
considerably better than the regulatory standards require 
(Model I), as shown in Table V-2, new packaging standards could 
be introduced wnich would, in effect, require that all new 
packaging desic-s be at. least as good as those currently in 
use. Such an uction would not result in a decrease in risk 
due to accidents but would insure that the risk would not 


increase as a result of the introduction of new packagings 


inferior to present ones. 


To see the effect of packaging standards revisions a third 


release fraction model (Model III) is considered. It differs 


from Model II (a conservative approximation to current container 
capabilities) in that no release of material is permitted for 
Type B containers for accident Categories I-VII, and only 

5 percent release is allowed for Category VIII. No change is 
assumed in the Type A container release fractions. The results 
of the calculation are presented in Table VI -30. As in the 
previously considered alternative, the probability of early 


fatality is negligible compared with the baseline case. 


Table VI -30. Summary of Results - Revised Packaging Standards 


Baseline Alternative Change 
Normal Transport L.C.F. 1.166 1.166 0 
Normal Transport 0 


(a nual person-rem) 9589 9589 


-4 eee tau) 
Accidents L.C.F. iso LO 2.39 x 10 factor of 23 


decrease 
Probability of > 1 Early 


Fatality per year 7.40 x 10°8 100% decrease 


A 23% reduction in annual accident L.C.F. results from 
revised packaging standards wh.ch would insure release frac- 
tions no greater than those for Model III. Certain containers 
currently in use may be capable of meeting these standards, 
either as presently designed or with minor modifications. 
Since accidents involving plutonium shipments are expected to 
produce 98.6% of the total accident risk in the baseline case, 
the required use of such containers only for plutonium ship- 
ments would produce essentially the same decrease in annual 
accident L.C.F. The NRC is currently sponsoring container 
tests at Sandia Laboratories using existing containers at 
impact velocities well into category VIII. The test results 
indicate that certain existing containers, perhaps with 
minor modifications at some increase in cost, might be capa- 
ble of meeting the new standards. A cost benefit estimate 
cannot be made at this time pending i..formation on manufac- 
turing costs of a container which can be demonstrated to 


consistently meet the revised standards. 
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B.4-2 Lowering of Package Quantity Li: 
A second possible method for risk >duc sonsidered in 
this section is a lowering of the package « ntity limits. Such 
action would reduce the amount of radi 
package available for release, and, if the same amou 
shielding were used, the TI per package would be reduced also. 
However, unless a package TI reduction were required along with 
the quantity reduction, it would probably be more cost-effective 
to reduce the amount of shielding so as to lighten and reduce 
the cost of transporting an individual package. Consequently, 
the same total amount of material would continue to be trans- 
ported, but in a larger number of packages. Thus, the net 


effect upon the annual accident risk would be unchanged. 


With the TI per package remaini:.j the same but a greater 
number of packages transported, the number of TI transported 
annually would be increased, and the routine exposure due to 
normal transport would be increased accordingly. Since normal 
transport accounts for essent;.:lly all of the risk for current 
shipments, the total risk wo. be substantia.ly increased as 


a result of this resvonse tc 2ring package quantity limits. 


If the action lowering the quantity limits were accom- 


panied by a corresponding requirement to reduce the package 


TI, the total TI transported annually would be unchanged. In 
this case there would be no change in either the accident or 
normal contribution to the risk, assuming, as before, that the 
total quantity of radioactive material transported annually 
remains the same. The net effect would be to transport the 


Same quantity cf radioactive material per shipment and per 


vehicle, except in a larger number f packages. In either 


case shipping costs would be highei particularly in the 


second case where —1e action is accompanied by a required 


reduction in TI, because the total weight transported annually 
would be significantly higher. Higher costs with ro change 


in annual L.C.F. indicates an unfavorable cost-benefit ratio. 


B.4-3 Lowering the Package TI Limits 

The final possible risk-reducticn method considered in 
this section is a lowering of the package TI limits. Current 
standards allow up to 10 TI for packages with a Radioactive III - 
Yellow label. The reduction of the package TI can be accom- 
plished in either or both the following ways: 

a. a reduction of the quantity of material per package 

b. an increase in the amount of shielding used per 


package 


The tirst method was discussed in the preceding paragraphs and 
was shown to produce, at best, no change in the total annual 
risk. The second, i.e. an increase in the amount of shielding 
per package without reducing the quantity of material per 
package, could result in reduction in the number of Tt shipped 
annually anc in a corresponding reduction in the wutine risk 

in normal transport. The effect of reduction in the maximum 
allowable package TI upon the annual risk of normal transport 
would depend upon the amount of the reduction and upon detailed 
information regarding current TI per package values. Information 
obtained by the authors from an informal survey of various 
industry representatives revealed no packages having a TI 
greater than 5 currently being shipped. The current effective 
radiopharmaceutical industry limit is 3 TI per package. ‘11) 
Radiopharmaceuticais comprise the majority of radioactive 


materials shipments, and as a result, make the greatest 


contribution to the annual risk. A regulatory reduction in the 
TI package limits by a factor of two or three 1s estimated to 
have very little if any effect upon the overall risk, since it 
appears that package TI's have already been reduced by that 
amount. 


(11) 


A previous study has compared the effects of package 
limits of 10, 5, and 1 TI with the effective present limit of 

3 TI for transport of radiopharmaceuticals by passenger aircraft. 
The results showed that when the benefit/cost ratios are 
considered, the 5 TT limit is most cost-effective, and a TI 

limit of 3 exceeds ~h2 point of cost-effectiveness by a 
substantial margin. A TI limit of 1, however, was found to 


result in costs exceeding benefits by a factor of four. 


Therefore, just as currently used packagings are much 
better than the standards require, the effective TI package 
‘imits are lower than required by the regulations. The TI 
limits could be lowered to the cost effective level of 5, for 
example, without affecting current shipping practice signifi- 
cantly and with no cnange in the overall risk. The result of 
such an action would be to insure that the present voluntary 
package limits are maintained. Unlike the introduction of 
new standards for packaging durability, a lowering of the TI 
limit from 10 to 5 would not require expensive container 
qualification tests. A reduction of the TI limit to less 


than 3, however, may not be cost-effective. 


Summary of Radiological Effects of Alternatives 


A summary of the radiological impacts of the various 
alternatives considered in this chapter is presented in 
Tables VI -3l, VI -32, and VI -33 in terms of the reduction 
over the baseline case. In Table VI -3l the alternatives are 


ranked according to change in early fatality probability. 


TABLE VI -31 


Alternatives Ranked by Change 
in Annual Early Fatality Probability 


Alternative Change 


1% respirable plutonium HAG deeraade 
Hardier packages 

Ship all plutonium by rail Factor of 2 reduction 
No weekend truck travel 29% decrease 

Use 4-engine turbofan (Boeing 707) 24% decrease 


Shift all cargo air shipments to 
Lassenger air 23% decrease 


Use 3-engine turbofan (Boeing 727-200) 18% decrease 

Shift all air shipments to truck 

Ship all plutonium by truck 16% decrease 

Shift all cargo air shipments to truck 

Use 4-engine turboject (Convair 880) 

Use 2-engine turbofan (Boeing 737) 10% decrease 

No nicht flights 8% decrease 

No IFR flights 7% decrease 

Good weather driving 

Truck driver training 6% decrease 

Turnpike routing 

Maximum truck speed limit 3% decrease 

Shift all passenger air shipments 
to cargo air No change 

Ship all spent fuel by truck 

Ship ail SSNM by cargo air/helicopter 11% increase 

No flights in/over high population zones 16% increase 


Use 4-engine turboprop (Lockheed L-188) 30% increase 


TABLE VI ~-32 


~ 3 


Alternatives Ranked by Reduction in LCF Accident 


Hardier packages Factor of 23 decrease 


1% respirable packages Factor of 16 decrease 


Ship all plutonium by rail Factor of 3 decrease 
Use 4-engine turbofan (Boeing 707) 30% decrease 


Shift all cargo air shipments to 
passenger air 28% decrease 


No weekend truck travel 27% decrease 
3-engine turbofan (Boeing 727-200) 24% decrease 
Shift all cargo air shipments to truck 

Ship all plutonium by truck 21% decrease 
Shift atl air shipments to truck 

Use 4-engine turboject (Convair 880) 20% decrease 
2:-engine turbofan (Boeing 737) 13% decrease 


No night flights 11% decrease 


No IFR flights 10% decrease 


Good weather driving 

; al 6% decrease 
Truck driver training 
Turnpike routing 
Maximum truck speed limit 2% decrease 
Ship all spent fuel by truck 


Shift all passenger air shipments No change 
to cargo air 


No flights in/over high population 
zones 10% increase 


4-engine turboprop (Lockheed L-188) 36% increase 


Ship all plutonium by cargo air 
helicopter 38% increase 


TABLE VI -33 


Alternatives Ranked by Reduction in LCF Normal 


Shift cargo air shipments to passenger air 


Use 4-engine turboject aircraft (Convair 
880) 


No flights in/over high population zones 
Ship plutonium by cargo air and helicopter 
No IFR flights 

Daylight flights only 

Good weather driving 

Truck driver training 

Turnpike routing 

No weekend truck travel 

Hardier packages 

1% respirable plutonium 

Truck speed limit reduction 

Ship plutonium by truck only 

Ship plutonium by rail only 

Shift cargo air shipments to truck 


Use 4-engine turbotan aircraft (Boeing 
707) 


Use 3-engine turbofan aircraft (Boeing 
727-200) 


Ship all spent fuel by truck 


Use 4-engine turboprop aircraft 
(Lockheed L-188) 


Use 2-engine turbofan aircraft 
(Boeing 737) 


Shift all passengers air shipments to 
cargo air 


Shift all air shipments to truck 


14% reduction 


13% decrease 


6% decrease 


/ No Change 


2% increase 


4.2% increase 


10% increase 


19% increase 


33% increase 


x 


Table VI -32 ranks the alternatives in terms of the 


reduction in the average annual number of latent cancer 


fatalities resulting from accidents involving radioactive 


material shipments. The results for the first three alterna- 
tives are shown in terms of the reduction factor, while the 
remainder are expressed in terms of percent decrease or in- 


crease over the baseline case. 


Finally, in Table VI -33 the alternatives are ranked 
according to their reduction in annual latent cancer fatalities 
resulting from normal transport. Many of the alternatives 
in this table produce an increas2 in the number of latent cancer 


fatalities. 
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CHAPTER VII 


SECURITY AND SAFEGUARDS 
A. Introduction 


The rapid growth of the nuclear power industry, coupled with an increase 
in terrorist activities, has increased concern over diversion or theft 
of nuclear materials, sabotage of nuclear facilities or other acts of terrorism. 
The possibilities of sabotage, radioactive contamination threats, and armed 
threats must be, and are being, weig..ed in th» continuing process of threat 
assessment and establishment of appropriate countermeasures by the Nuclear 


Regulary Commission. 


In general, these activities can be categorized by whether they occur 
through sabotage of nuclear facilities or theft and subsequent use uf the 


auclear material. 


There are two groups of nuclear material that may require safeguarding: 
(1) certuin strategic quantities and types of special nuclear material 
(SNM) such as high enriched uranium and plutonium and (2) a few radioisotopes 


’ such as cobalt-60. 


All lignt water reactors at present use low enriched uranium in the 
fuel cy2zle. Low enriched uranium is not directly usable fer nuclear 
explosives. On the other hand, highly enriched uranium (which is used 
in some test and research reactors and in high temperature gas-cooled 
reactors) and plutonium (which may be used in mixed-oxide fuel for light 
watcr reactors, and is produced in light water reactors) are useable fr 


nuclear explosives. The few highly radioactive isotopes such as cobalt-60 


could be used by a terrorist in the form of a dispersal weapon. 
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B. Safeguards Objectives and Programs 


The objective of safeguards is to protect the public from harm or 
undue alarm arising from illegal, malevolent acts involving nuclear materials 
or facilities. To be effective, safeguards must be capable of preventing 
those acts that could ultimately result in a major civil disaster and must 
provide a high degree of protection against all other acts that could result 
in serious civil damage. Tc ve acceptable, safeguards must not impose 
undue burdens on the public, in terms of civil liberties, environmental, 
institutional, and economic impacts. In furtherance of this objective, 
safeguards are designed to: prevent the unauthorized access to or acquisition 
of significant amounts of nuclear materials; provide protection against 
the sabotage of nuclear facilities; assure timely and adequate responses 
. vhe unauthorized acquisition of nuclear materials and to the sabotage 
of nuclear facilities; provide for timely and accurate information on the 
status of nuclear materials and facilities; and support effective international 


safeguards programs; while at the same time, minirizing adverse social impacts. 


The program includes the following functional elements: 
(1) Definition of the nature and dimensions of the threat. 
(2) Development and imposition on the nuclear industry and 
contractors of safeguards requirements directed toward 


countering the threat 


_— 
Ww 
~~ 


“..eensing activities, including review of safeguards 
procedures proposed by nuclear industry and contractor 
abplicants, as required by regulations. 


(4) Inspection of safeguard implementation to ensure adequacy. 
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Enforcement of requirements through administrative, civil, 
or criminal penalties. 

Administrative and technical support for response and 
recovery. 

Development and testing of methods, techniques, and 
equipment necessary to the effective implementation of 
safeguards. 

Frequent program review in the light of industrial/technical 
or social/political changes to assure that any needed 


changes are made in the program elements above. 


Current programs are directed at protecting against theft or diversion 
of types and quantities of nuclear materials that could be used for nuclear 
explosives or contaminants and protecting against sabotage of nuclear facilities 
containing such materials. The present requirements are designed to protect 
against theft, diversion, or sabotage by one or two employees with access to 
the plant and material, by a small armed force attacking a plant or vehicle, 
or by both acting in combination. The approach to development of safeguards 
requirements is to provide "protection in depth," that is, to provide multiple 


opportunities to interrupt adversary action sequences. 


Title 10 of the Code of Federal Regulations, Part 70, requires licenses 
in order to own, acquire, deliver, receive, possess, use, transport, import 
or export special nuclear materials. The NRC publishes specific safeguards 
requirements for materials and plant protection in 10 CFR Parts 70 and 73 and 


carries out the following activities to assure compliance: 


(1) prelicensing evaluation of certain license applicant ‘s 


proposed nuclear activities, including safeguards 


procedures in the case of applicants for significant 
quantities of special nuclear material; 

issuance of a license to authorize certain activities 
subject to specific safeguards requirements; and 
inspection and enforcement to assure that applicable 
safeguards requirements are met by implementation of 


approved plans. 


Safeguards requirements have been established for protecting special 
nuclear materials being moved stween sites. Provisions in 10 CFR 73 
include specific physical protection requirements that apply to licensees 
who ship five kilograms of U-235 (contained in uranium enriched to more 
than 20%), two kilograms of plutonium or U-233, or a weighted combination 


of these. 


Regulation 10 CFR 73 prohibits licensee shipments aboard passenger 
aircraft of more than 20 grams or 20 curies, whichever is less, of plutonium 


or uranium 233 or 350 grams of uranium U-235 enriched to more than 20%.* 


When cargo aircraft are used, the number of enroute transfers are to be 


minimized and are to be observed by armed monitoring personnel. 


During operation of a licensed plant and its related trar »vortation 
links the NRC conducts inspections to assure continued effect. 
implementation of material control requirements and protection plans. Each 
licensee is required to afford the NRC opportunity to inspect the nuclear 
materials; to perform or permit the NRC to perform necessary tes.s of materials 
and equipment; and to make available any records pertaining to possessions, 


use, or transfer of nuclear material. 


# There have been no air shipments of plutonium since the August 9, 1975 ban on 
such shipments by NRC. See Chapter I. 
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Inspection strategies are directed at achieving objectives on a 
systematic ‘asis, where the scope, frequency, and intensity of inspection are 
determined primarily by co .sidering: 

(1) strategic value cf the special nuclear material, 

(2) the accessibility of the special nuclear material, and 


(3) safety significance. 


Secondary, but important, modifying factors are: 


(1) prior inspection history of the facility and/or the shipments, and 


(2) results of monitoring of facility records and reports, 


including inventory descrepancies, shipper-receiver 


differences, and normal operation losses/measured discards. 


All transportation systems and their supporting safeguards security 
systems should be subjected to frequent inspections to insure continued 
effectiveness. The inspection system should, in addition to looking at 
compliance with existing regulations, continually evaluate the system based 


on current intelligence and operational considerations. 


If items of noncompliance or deficiencies are found in the implementation 
of safeguards requirements by the licensee, the licensee is instructed 
to take prompt corrective action and to inform the NRC of the results. 
The NRC has the authority to modify, suspend, or revoke licenses and to 
impose civil penalties on licensees for noncompliance with the items and 


conditions of the license. 


Procedures exist within NRC for response to: 
(1) any suspected or actual theft of SNM or other material 


which could present a radiological hazard; 


(2) any threat of sabotage to a facility containing such 


materials; and 


(3) any threat involving the «a .ctive use of such materials. 


Response requirements f'or licensees toward threats are given in 10 
CFR 73.50. Immediate measures must be taken to neutralize the threat, 
either by appropriate action by guards or call for assistance from local 
law enforcement authorities, or both. Licensee guards are expected at 
all times to (1) interpose themselves between SSNM and any adversary 
attempting entry and (2) intercept anyone exiting with such material. 
A sufficient degree of force should be applied to counter that degree of 
force directed at them, including the use of deadly force when the guard 
has a reasonable belief it is necessary in self-defense or in the defense 


of others. 


Licensees are required to inform NRC promptly, and will normally inform 
local law enforcement agencies, in the event of a suspected or actual theft 


or sabotage. 


Upon being informea of any of the foregoing circumstances, NRC would 
promptly inform the FBI, which has statutory responsibility for investigating 
such incidents. In addition NRC and ERDA would support the FBI with specialized 
assistance, especially in connection with the recovery of stolen material and 
would undertake to determine whether there is a potential hazard of nuclear 


explosive or radiological danger. 


C. Relative Importance of Air Transportation and Safeguards 


Chapter 1 reviewed the current industrial and medical uses of radioactive 
materials. It was noted that most of the applications take place at a 
site well removed from the point of production. The majority of packages 
of radioactive material (excluding fuel cycle requirements) shipped today 
contain radiopharmaceuticals. An estimated 600,000 packages of radioactive 
material were shipped in 1974 and were distributed as shown in Table I-3. 
Radiopharmaceuticals and medical research materials accounted for 95 percent 
of the total shipments with only 5 percent of the shipments used to transport 


research and industrial material. 


Some shipments, as a result of their size and the isotopes involved, 
require more protection than others. Ideally each radioactive material 
shipment should be examined in terms of its potential for illicit use and 
the impact of such use. The category with potentially the greatest 
environmental impact includes shipments of strategic special nuclear 


materials (SSNM).* 


Many types of radioactive materials would not be suitable for 
theft-dispersal purposes. Spent fuel, for example, is highly radioactive 
and is carried in massive casks, especially when shipved by rail. Therefore 
it would be relatively difficult for a group to carry it away with the 
intention of dispersing it elsewhere. Other materials, such as Cobalt-60, 
which are in special form, might be stolen and then dispersed in a highly 
populated area. Plutonium on the other hand can be used for both explosive 
purposes as well as a dispersal weapon since it is a very toxic substance. 


#See Chapter II, Section J. 


In addition, the successful sabotage of a plutonium shipment could also 


Nave serious consequences. 


D. Transportation Security, Systems 


Security system success can be characterized by the sum of three 
probabilities: the probability of deterring an attempt at theft; the 
probability of maintaining control of the niterial if deterence fails; 
and the probability of recovering the material before it can be put to 


malevolent use if deterrence fails and control of the material is lost. 


The capability to deter an attack, although difficult to analyze, is 
extremely important to the safeguards system. Even an unsuccessful attack 
could have extensive implications. Deterrence is primarily psychological; 
it results from the perception of a potential attacker that the risk in an 


attack exceeds the value of the target. Factors that may contribute to 


deterrence include publicity about some parts of the safeguards system, 


visibility and apparent invulnerability, alternative means of achieving 
his goal, and the past failures of attacks on the system. These factors 


do not lend themselves to quantification. 


The protection system is broken into two classes: (1) those that 
emphasize personnel, such as escort guards and response forces; and (2) 
those that are technological in nature, such as barriers, alarms, communi- 
cations, and the transportation model itself. Effective safeguards security 
Systems use eiemenis of both protection classes. The transportation modes 
that can be used to safeguard SSNM range from aircraft to conventional 


ground transport, to the use of modes such as rail and barge. 
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The recovery element of the security system includes use denial and 
search procedures followed by physical recovery. Recovery cannot be relied 
upon as the strong link in the security system. Relocation and recovery 
measures provide a fundamental and prudent element in a balanced, redundant 
safeguard system. They back-up the primary safeguard elements employed to 
deter or defeat any attempt to divert SNM or other radioactive material. 
Relocation capability is necessary because complete assurance of material 
control under all circumstances cannot be made. This also adds to the aura 
of deterrence. Hardware and techniques are currently available to allow a 


coordinated, effective relocation and recovery effort. 


KR. Transportation Modes 


This section describes the safeguard aspects of the various modes used 
to transport SSNM and other sensitive radioactive material.*# Some of the 
safeguards security systems being evaluated by NRC include the use of fixed 
Wing aircraft (such as the C-130), helicopter, armored truck, integrated 


container road vehicle, safe secure trailer, rail, and barge transportation. 


E.1 Air--Truck Mixed Mode 


An air-truck mixed mode may offer advantages over ground transportation 
alone depending upon the length of the trip. Most short trips (200 - 500 


miles) will still be made by truck alone, but for longer distances air transport, 


* An indepth analysis is currently being undertaken by the Special Safeguards 
Study Group within NRC on the entire issue of Safeguards (including transport 
safeguards). The results of this study will be included in the forthcoming 
"Generic Environmental Statement Mixed Oxide Fuel (GESMO)",. 
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combined with ground transport to and from the airfield, will lessen the 
exposure to accidental and planned incidents. The danger to road shipments 
increases as the distance to be traveled increases. Night stops, fatigue, 
repairs, and more difficult communication all contribute to an increased 


probability of problems. 


Air shipments minimize exposure to threats and, with adequate precautions 
taken at transfer points, provide one of the most secure means of transporting 
SNM and other sensitive radioactive material for long distances. Given 
the development of an "air safe" container, shipments of SSNM by air-truck 
for longer distances may provide important advantages over ground transport 


alone. 


Since trucks are necessary to complement an air transport system, the 
impact of air transport cannot be addressed without some mention of truck 
systems. The SSNM shipments would be protected by a varying number of 
escort vehicles and guards. The accompanying guards would provide the 
primary response to an emergency, and the number of guards would be varied 
to suit the particular shipment and preceived threat. A secondary response 
would be supplied by local law enforcement agencies (LLEA) located along 


the shipment route between facility and airport. 


Prior arrangement for deployment of this LLEA assistance would be made 


depending, again, upon the geographic area, size of the primary guard force, 


type of material, and distance to be traveled. The combination of special 


vehicles, accompanying guard force, and secondary LLEA responses affords 
a flexible and effective deterrent and protection capability to the surface 


portion of the shipments. 
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The point of transfer of SSNM from truck to airplane in mixed-mode 
transportation, often considered the most vulnerable and sensitive segment 
of the air-truck transportation cycle, may be as secure as any other link 
in the transportation system. Transfer should be made at a location removed 
from the terminal buildings. The airplane security personnel would be 
present in addition to the security people accompanying the truck part 
of the shipment. The airport security personnel (police) would be available 
as a secondary response force in the event of an emergency. The transfer 


could well be the most secure portion of the shipment. 


Air-truck transportation, as opposed to a purely air mode, could be 
the preferred means for transit for long distance shipments for the foreseeable 
future because of the generally impractical aspect of building airfields 


at the fuel cycle and reactor silves. 


It may, under certain circumstances, be possible to use helicopters 
bal 


for transport from airfield to facility but the main secondary-transport 
method will remain road vehicle. The road distances to be traveled would 

be minimized, however, and the convoy will have the additional protection 

of the faciliiies’s security force either to augment the existing convoy 
security force or to act as a response to emergencies during the trip between 
facility and airport. 

Movement of sensitive radioisotopes, those that may be used for illicit 
purposes, would require less protection than that affc-ded SSNM. If later 
determined necessary, security personnel could be present at intermediate 
points. This would ensure that tie material was not disturbed. Security 


personnel could be present 2% origin and destination. It should be noted 
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that these precautions may not be necessary. They serve to show only that 
adequate safeguard measures are available if it is determined that some 


isotopes need added protection. 


Until the mid 1980’s the shipping requirements for SSNM will be relatively 
small. Most of the SSNM shipments will be shipped by truck or a combination 
of air-truck depending upon the distance to be traveled. Most medical 
radioisotopes, needing less protection, if any protection, will continued 


to be moved by air. 


E.2 The Use of Military Airfields 


The feasibility of restricting flights to the use of military or joint 
military/civilian airfields as an added security measure has been examined. 
While it apears technically feasible to make use of military airfields and/or 
military aircraft to provide safeguards protection tor the transportation 
of SSNM, there may be legal prohibitions which restrict or eliminate such 
use in the absence of congressional action. * Adequate protection can be 


afforded at civilian airfields. 


E.3 All Air System 


While it is discussed, an all-air system is not looked upon as being 


practical or feasible for the foreseeable future. An advanced all-air system 


* There are two statutes which make this practice of at least questionable 
legality. First, 2; U.S.C. 628 provides: "Except as otherwise provided by 
law, sums appropriated for the various branches of expenditure in the public 
service shall be applied solely to the objects for which they are respectively 
made." The second statutes ,18 U.S.C 1385, reads: "Whoever, except in 

cases and under circumstances expressly authorized by the Constitution or Act 
of Congress, willfully uses any part of the Army or the Air Force as a posse 
comitatus or otherwise to execute the laws shall be fined not more than 
$10,000 or imprisoned not more than two years, or both." 
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could provide "door-to-door" air transportati A typical all-air transporta- 
tion security system would deliver SSNM from the shipper to the receiver 
without intermediate transfer points thus minimizing exposure to theft 

or sabotage outside the fixed site facilities. A further advantage of air 


systems is the flexibility of routing to avoid population centers. 


For short hauls, an alternative to trucks would be the use of helicopters 
or short take-off and landing (STOL) aircraft which do not reouire extensive 
runways as do conventional fixed-wing aircraft. Because of the limited 
range and payload capabilities, these aircraft might not be able to satisfy 
the entire shipping network. The use of STOL aircraft and helicopters would 

‘~~ 
reduce points at which theft or sabotage could be attempted to only the loeding 
and unloading transfer operations at origin and destination. Fixed-site 


guards would be available at these points to provide security while the 


aircraft are on the ground. 


E.4 Road, Rail and Water Modes 


Road is presently the preferred system for surface transport of SSNM. 
The primary advantages of this mode are accessibility to all nuclear 


facilities, flexibility of routing, direct service without the need to 


transfer cargo, and speed. Further coordination for response and the 


ability of response forces to arrive at the scene of an incident are 
more easily met. 

The principal advantage of rail and water is that the time necessary 
for an adversary to gain access to the protected material might be increased 


because of the greater weight carrying capability and width of the carriers 


which permits greater prote tive armor or other protective measures to 

be employed. The principal disadvantage of rail is the lack of variety 

in the positioning of guards with respect to the shipment; the whole guard 
force could be incapacitated by a single blow in a well-planned attacl. 

A second negative point is that response forces access to the rail site 
Might be seriously restricted. An attempt to increase the security of 

a rail or barge system by adding escort vehicles still does not achieve 
the level of security attained with escort trucks. The escorts can be 


readily identified; they have no lateral mobility to gain cover in case 


of attack; and they can be cut off more easily from the attack point. 


A system of specially designed barges which combine cargo protection 
and jettisoning capabilities offers, at first glance, a »ossible advantage 
over truck transportation. Many facilities are not joined by navigable 
waterways; however, the advantages of site-to-site delivery would not 
be realized in a significant number of cases. Sinking of the SSNM containers 
could provide a very long delay time. However, this measure may not be 
appropriate if the barge is attacked while passing through a lock, under 
a bridge , or ina shallow draft channel. Finally, an act of sabotage in 
a major waterway could have extensive environmental effects. Here the transport 


media itself, water, could serve as the means of dispersing material from 


a remote region to one with high population density. 


In summary, 1t appears that rail and barge are not as attractive as 
the road, air-truck, or all-air alternatives for the transport of nuclear 


material. 
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Conclusions 

To maintain the environmental impact of the transportation of radio- 
active mate .als at its present low level, effective means must be continued 
to be provided to protect important quantities of radioactive material 
from theft and sabotage. Air transport provides the potential for one 
of a limited number of those effective means of protection. While further 


studies are being completed to determine tl.u cost and effectiveness of 


alternative systems to protect radioactive material from theft and sabotage, 


the option of the air mode for such transportation shovld not be precluded. 


APPENDIX A 


ENVIRONMENTAL IMPACT LOGIC MODEL 


Logic Model Development 


The logic "roadmap" used to approach the complex problem 
of radioactive material transportation impact analysis was 
constructed using fault tree and event tree symbology. This 
approach was chosen because it is an effective method of 
identifying the elements and interactions that could lead to 


environmental impact. 


The analysis involved a scenario and consequence develop- 
ment for all modes of transportation* which could be used to 
transport radioactive materials. An effort was made to consider 
all methods of employing a transport mode and of imperiling a 
shipment ot radioactive material. This was done to allow 
consideration of all impacts, no matter how slight, and all 
scenarios, no matter how unlikely. This method was employed 
to seek completeness and to insure that an event of low pro- 


bability but high potential ccnsequence was not eliminated from 


consideration. 


No effort was made to attach probabilities or quantified 
effect estimates to developed events in the "roadmap" model. 
Instead, the effort was devoted to making the model as complete 
as possible with the intention of using it as a guide for sub- 
sequent detailed analysis and quantification in areas warranting 


further attention, using a simplified edition of the model. 


*Mode: A major transportation system, i.e., air, highway, rail. 


Operation: A subset of the mode, i.e., landing/takeoff, storage, 


refueling. These are operations incident to trans- 
portation in general. 


Scheme: An overall national transportation plan using various 
modes in various amounts. 


Foremost among the environmental impacts is the radio- 
logical impact from exposure to external penetration radiation 
or from accidental release of radioactive material. However, 
in the effort toward completeness, scenarios which lead to an 
"environmental impact" described by an economic effect, 
political effect, legal effect or public reaction effect, are 
also included, even though no radioactive release (in the 
conventioual sense) may have occurred. An example of type 
of impact might be the situation where an item of radioactive 
material is lost in shipment. The impact in this case might 
be meas:..~2d in terms of the dollar cost of a search instead of 


person-rem. 


The model development centered around the takeoff/landing 
Operation of the air transport mode. Because of the generality 
and broad scope of the development of the analysis of this 
Operation, the operatiuns of non-air modes and the remaining 


operations of the air mode were not developed as exhaustively. 


II. Discussion of the Logic Model 

The top event in the "roadmap" logic model* (shown in 
Figure A-1) is "Environmental Impact of Transportation of 
Radioactive Material." This event is purposely generalized 
to avoic restrictions which might be necessitated by precise 
definitions of "Environmental Impact," "Radioactive Materials," 
and "Transportation." Each of these terms is developed in 
Subsequent tiers of the logic model. In Figure A-1l, environ- 
mental impacts are considered for all potential modes of 
transport. The event of initial interest is EIl-1 -- the 
air mode. Initial subdivisions of event EI1-1 are shown in 


Figure A-2, where various types of air transport are considered. 


*Table A-l gives a brief description of the sympology used in 
the logic model. 


GATE: 
Output Event 


Input Events 


OR GATE: 
Output, Event 


Input Events 


EVENT BLOCK: 


Event 
Description 


BASIC EVENT: 


Event 
Description 


UNDEVELOPED EVENT: 


Description 


O 


EXTERNAL EVENT: 


a 


TRANSFER _IN: 


TRANSFER OUT: 


ra 


TABLE A-1 


FAULT TREE SYMBOLS 


The AND gate describes the logical operation 
whereby the coexistence of all input events 
are required for the output to occur 


The OR gate describes the logical operation 
whereby the output event will occur if one or 
more of the input events occur. This allows 
combinations but does not explicitly allow for 
synergistic combination of events. 


A rectangle above a gate identifies an event 
that occurs as a result of some combination of 
the occurrence of other events in the tree. The 
number in the small box below the rectangle is 
unique number assigned to the event as a 
"bookkeeping" aid. 


The circle (or rectangle above a circle) identifies 
a basic event. A basic event is a fault-type 
event whose causes will not be further identified. 


The diamond identifies an event whose causes have 
not been identified because the event is of 
insufficient consequences; necessary information 
is unavailable, or because the event is beyond 
the scope of the study. 


The house identifies a basic event which is not 
further developed and which does not describe 
a fault-type event. 


The triangles are used as transfer symbols. The 
event logic flows from the transfer-out symbol 
to the transfer-in symbol in a manner as if the 
events or gates were connected directly with a 
single line. 
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Figure A-3, subdivides one given type of aircraft (airplanes) 
into the specific operations of air shipment. Environmental 
impact during the landing/takeoff operation is further broken 
down in subsequent tiers of the logic model not shown in this 
appendix. This impact may occur in a variety of ways: radio- 
logical exposure (:t some presumably low dose rate) will occur 
with certainty during normal transportation by virtue of 
external penetrating radiation exposure to crewmen, Cargo 
handlers, and the surrounding population; accidents may occur; 
malevolent acts (sabotage, hijacking, theft) could occur; etc. 
In each case, the development is carried from the impact- 
inducing scenario through the environmental consequence by 
expanding events in fault tree format and then integrating 

the effects whic 2sult from the basic events. An event 
might be a release-inducing crash, normal shipment, or the 
loss of a container, whereas an effect might be the person- 
rem resulting from a given accident. This approach permitted 
separate analyses of event probabilities and of radiological 


consequences to the environment. 


Et. Simplification of the Model 


It was determined from the outset that the logic model 
should be both complete and quantifiable. To accomplish the 
first of these goals, sets of event and effect ciagrams were 


drawn as discussed in Sections I and II. 


Once the diagrams were fully developed, a critical review 
of all event scenarios and consequence models permitted reduction 
of the diagrams to more workable and quantifiable size. 
Guidance for the simplification process was obtained from 
transportation accident and mileage data, accident environment 
data, radiological consequence data, and current and projected 
radioactive material shipment data. In addition, the specific 


project goals were reviewed to insure that the scope of the 
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model did not extend beyond the limits established. An effort 
was made to keep the simplified analysis model detailed 

enough so that various transportation schemes could be 
evaluated in light of new or ammended regulations. The fol- 
lowing paragraphs outline the process by which the logic 

model presented in Section II of the appendix was reduced to 


the figures presented in the text of the report. 


Initially, it was observed that the most significant 
radiological impacts where those that directly affected man. 
Radiological effects upon flora, fauna, and objects are orders 
of magnitude less than the direct impact to man and were there- 
fore considered insignificant. The problem of ecochain 
build-up, e.g., the dose to man through radioactivity-contami- 
nated food and water supplies, was also considered insignificant 
because ecochain build-up requires a continuous source of the 
contaminant. Since radioactivity would be released only in 
comparatively infrequent transportation accidents, such a 
continuous source does not exist. It was found that the only 
significant radiological effect to man due to normal transport 
is external penetrating radiation (gamma or neutron) and the 
only significant radiological effect to man due to an accident 
is from inhalation of the material (the case of external 
exposure from an accident involving special form shipments of 
radiography or teletherapy sources is addressed specifically in 
the text). Several other assumptions regarding doses, popula- 
tion densities, and weather were made as detailed in Chapters 


IV and V. 


The next major simplication step was to break the original 
model into submodels to address the normal shipment and the 
various types of abnormal shipments; accidents, malevolent 


acts, etc. Each of these submodels was then modeled separately 


in consonance with existing transportation and packaging data. 


It was noted that the detailed phase breakdown could be 


Simplified into an "underway" scenario and an "in storage" 


scenario to optimize use of available data. The complexity 
of mode-link transfers is taken into account by a specific 
tabulation of mileages by mode for each scheme (see Chapter 
V). The myriad of actual industry shipments was simplifed 
to a list of standard shipments (see Chapter I) which was 
felt to best typify the current transportation scheme. This 
method has the inherent flexibility of being able to accept 


any scenario for analysis without changing the basic model. 


The result of this simplification process is the logic 
model used for actual computation of environmental consequence 


which is shown in Chapters I, IV, V and VI of the text. 


APPENDIX B - PLUTONIUM 


(1,2) 


Historial Background 


The element plutonium was first artifically formed by 


deuteron bombardment of uranium oxide: 


2 i 
14716 min) °934P + en 


93NP 


This was performed in February 1941 by Arthur Wall, Glenn T. 
Seaborg, and Joseph Kennedy at the University of California at 
Berkeley (60-inch cyclotron). When the new element was shown to 
be fissionable in March 1941, the continuing research became 


shrouded in the secrecy of the Manhattan Project. 


The initial focus of plutonium research was aimed at 
production of enough Pu-239 to manufacture a nuclear weapon. 
The only practical means of accomplishing this task was through 
the use of thermal reactors where neutron flux was sufficient to 
produce significant quantities of the material through the 


following capture/decey chain: 


239 | (B) 239 (B-) 239 
5 ? 924 23.5 min’? 93NP S733 days 94P4 


With the advent of Atoms for Peace, the thrust of the 
plutonium research program became directed toward the possibili- 
2 
ties of using pu??9 as a reactor fuel as well as exploiting the 


useful aspects of the other isotopes. 


- 
Chemistry and Metallurgy ‘?) 


Plutonium is the fifth element in the actinide series. This 
series consists of elements whose chemical properties stem from 
partial vacancies in the 5f electron shell. Plutonium is a 
reactive silvery white metal which can exist in four valence 
states (+3, +4, +5, +6). It rapidly oxidizes in moist air, 


forming mixtures of oxides and hydrides. 


Plutonium is attacked by all common gases at elevated 
temperatures and is soluble in most dilute acids and in most 


; ' , ( 
mineral acids and forms numerous organic and inorganic compounds. 


Metallurgically, plutonium is a very unusual metal. It 
exhibits six distinct allotropic phases (see Figure B-1l), in- 


cluding two phases (§ and §7) with sharply decreasing values of 
AL 
ui“ ie 


Plutonium is a very dense metal (19.86 gm/cm> for alpha 
phase) with a low melting point (640° C) and a very high boiling 
point (3327° C). It has a very low latent heat of fusion 
(680 cal/gm-atom) and is second only to manganese in magnitude 
of electrical resistivity (145 microhm -cm at room temperature). 


~— pi Rae) 
Nuclear Properties 


Fifteen isotopes of plutonium, Pu-232 to Pu-246, have been 
identified. The most common isotope, Pu-239, has a 24,390 year 
half-life and decays by energetic alpha emission (4.64 to 
4.16 mev). ‘4? This isotope is extensively used in nuclear 
weapons and is a potential fuel for nuclear reactors because of 
its high thermal neutron fission cross-section (740 barns). It 
is expected that Pu-239 will play a key role in the developing 


breeder reactor technology. 
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Pu-238 is another important plur...iium isotope. Because 
of its energetic alpha particles (4.7 to 5.5 mev (4) ) and 
relatively short half-life (86.4 years), i I been used 
an isotopic heat source for thermoelectric power generativ. 
devices such as the SNAP systems (used in lunar missions) and 


- . a ny 
cardiac pacemakers. 


233 


Through neutron capture by Pu the higher isotopes of 
plutonium are formed. Principally, these isotopes are 2405, , 
2415, and a425u. Of these three, Pu-241 is a relatively short- 
lived (13 years) beta emitter whose daughter product, 
americium-241 is used in neutron sources. Am-241 is a rela- 
tively long-lived (458 years) alpha emitter which constitutes 
a radiological health hazard comparable to Pu-239 on a dose/gram 


basis. 


For the purposes of this study, the plutonium shipped was 
considered as light-water reactor (LWR) procuced plutonium. 
Using values for LWR fuel irradiated to 35,000 avaymr (2) the 
values for isotopic composition shown in Table B-l are obtained. 
Using the specific activities of the various alpha-emitting 
isotopes as shown in Table B-2 and rem/curie values from 


reference 9 (see Table III-8 in text), a ratio of 11.2 is 


oe reactor plutonium dose per gram inhaled 
obatined for —— — Scaceeainaen 


Jaa — . This i 
pure Pu-239 dose per gram inhaled “nae 9 
in agreement with the upper limit suggested by Cohen for high- 


burnup LWR fuel ‘16)- 


Biological Pathways 


Very little data exists concerning the actual behavior of 
plutonium in humans. However, a large amount of data has been 
gathered concerning behavior in various animals (dogs, rats, 


pigs, sheep, primates), and inferences can be drawn from these 


Isotope 


Pu-238 


Pu-239 


Pu-240 


pic 


Content 


of 
PS 


TABLE B-1 


Plutonium 


in High 


Fuel* 1 Year After Reprocessi 


*Yankee 


fue 


concerning behavior in humans. 
in the gastrointestinal ac or in the 
atonium may be transported by > blood 
sphatic s to other organs or tissues 
rate and ; ~ ot translocation is strongly 
site of oOSsition and the 


(7) 


the plutonium compound 


D.l1 Gastrointestinal Deposition 


Only a small fraction of plutonium taken int he ¢ tract 


will be absorbed by the body. Experimental values range from 

i] -2 a (7 , 

x 20 for Pud. to £.:9 2 10 for Pu(NO,), , The material 
3 


that is absorbed is translocated mostly to skeletal structure 


and, to a lesser extent, to the liver. The amount of absorption 
appears to be strongly dependent on the valence of availanvle 

Pu ions and on the pH of the « ministered solution. The maximum 
permissible concentration (MPC) for Pu in water set by the ICRP 

is based on .003% absorption which is conservative based on the 


pH data. 


D.2 Skin Deposition 


Intact skin presents a very effective barrier to plutonium 
absorption. In two cases where humans have been exposed to 
plutonium-bearing solutions with significant plutonium concen- 
trations, absorption (as deterrined from urinalysis data) was 
less than .00002% ‘?? - If plutonium is introduced into a puncture 


wound, abrasion, or cut, a higher percentage (.3% to 2.7%) is 


(3) = : ; 
absorbed’~’. The remainder is sloughed from the wound by normal 


healing and drainage prc Most of the material absorbed 


from wounds is translocated to the liver. 


Respiratory Deposition 


The deposition and physiological effect f inhaled plutonium 


is very dependent on the aerodynamic c racter of the particles 


and on the relative solubility of the compound inhaled. 
Figure B-2 shows the available pathways and body translocation 


mechanisms 


Large particles (> 10 micrometers in diameter) are filtered 
out of the inspire3J air by the cilia in the nasopharyngeal 
passages. They are captured in the mucoid lining of the passages, 
sloughed with the mucus drainage, and eventually swallowed (pathway 
b on Figure B-2). Intermediate sized particles (between 3 and 10 
micrometers in diameter) are deposited in the tracheobronchial 
region. These particles also become entrained in the mucoid 
lining and are moved upward toward the pharynx by muco-ciliary 
action for eventual deposition into the upper GI tract (paghway d 
in Figure B-2). Small-partic:es (less than 3 micrometers in 
diameter) pass into the pulmonary region and are candidates for 
pulmonary deposition. ‘++ The particles come in direct contact 
with the alveoli and are rapidly phagocytized and localized in 


(7) 


the reticuloend« thelial cells of the alveoli. 


Soluble plutonium readily diffuses from the reticulendo- 
thelial cells of the alveoli into the blood and lymphatic systems 


and is translocated into skeletal and liver tissue with a 
7) 


: : ; Cd eee Pegs % 
clearance half-time of 150-200. 


Insoluble plutonium, notably PuO,, has a much longer 


clearance half-time (200-1000 days). Clearance mechanisms 
include tracheobronchial muco-ciliary action (pathway f o1 
Figure B-2), some solubilization (pathway e on Figure B-2) 

and lymphatic absorption (pathway g on Figure B-2). The overall 
pattern of the plutonium translocation is shown on Figure B-3. 
The building in the thoracic lymph nodes appears to be an end: 
point. ir that there is very little movement of the plutonium from 


the thoracic lymph nodes to the blood system (pathway h on Figure 


o39 pu CONTENT OF TISSUES 
(%e OF ALVEOLAR -DEPOSITED ???puo,) 


po a er ee eee 


Studies indicate 
biological behavior. 
particle disintegration 


caused by the higher 


(17.4 ci/gm for Pu-2 


Biological Effects 
The effects of plutonium O! 

of the high energy alpha and beté 

radioactive decay.* Because of 

beta radiation, energy deposition occur 

of body tissue. In large enough doses 

can result in early effects ranging 

smaller doses, the radiation 

agent. Cancers have been induced in laboratory 

no cancers attributable to plutonium have been observ 

The human data base includes 2 s Alamos Scientific Laboratory 

personnel who were exposed to plutonium during the early phase: 

of the nuclear weapons program. In spite of 

body burdens (.00007 to .09 microcuries), none 


has shown any evidence of radiation injury 


J i 


E.l1 Effects on Skeletal and Hematopoietic Systen 


Very large bone accumulations of plutonium r 
pressed osteogenesis and eventual tissue necrosis. 
doses, pathological bone fractures occur. At low 
incidence of osteogenic sarcoma shows a marked 
of these effects are on the skeletal tissue itself. 
on hematopoietic tissue within the bone structure can resul 
depression of granular leukocytes at low doses 
at higher doses. Leukemia incidence is no 
results from canine experiments show no incre 
from rats did show an increase. 


y 1) 


*In the case of Pu-242, the toxicit 
metal poisoning vice radiation because 


liver appear to have no 
>ases, bile 
rrhosis have correlation 


unclear at 


in 
mmation de hemorrhage, 


ithin a relatively short period 


ci/gm of unc pulmonary 


iratory insufficiency and 


various types of malignant 


concluded from the rodent and dog experiments 


are not especially susceptible to the 


(7) 


the lumph nodes 


inogenic action of alpha radiation from plutonium. 


of Plutonium Contamination 


Several techniques have been developed to mitigate the 


plutonium exposure. The most common method involves 
injection of DTPA (diethylenetinaminepentacetic acid). 
acid forms stable plutonium complexes and increases urinary 


tion, in some cases by orders of magnitude. 


involving insoluble pulmonary plutonium deposits, 


In cases 


onary lavage with physiological saline has been used with 
success This is a dangerous medical procedure, however, 


De 


~+ 


a 7 


1al hazard of the deposited material must be carefully 


examined. 


Toxicity 
-_ —. 


Plutonium has been called "the most toxic substance known 


to man." There is no question that it is an extremely toxic 


material and that it can cause substantial damage to the body. 


Reference 10 lists the median lethal dose of plutonium as 

260 micrograms. This compares with median lethal dose for the 
currently stockpiled nerve gas sarin of 1000 micrograms and 
median lethal doses for botulism or anthrox spores in the 
submicrogram-to-microgram range. In terms of short-term 
deaths (within 60 days), the LC50 (lethal concentration for 
50% of people exposed) for plutonium is 1.8 mg/m>. Comparable 


; 3 ; 
values for cadmium fumes are 10 mg/m’; for mercury vapor, 
(10) 


30 mg/m? ; and for phosgene, 65 mg/m? , 


Although plutonium is certainly a potentially dangerous 
material, it is not orders of magnitude more potent than numerous 


other existing materials. 
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APPENDIX D-1 


NUCLEAR REGULATORY COMMISSION 


10 CFR 71. Packaging of Radioactive Material 
for Transport and Transportation of 


Radioactive Material under Certain Conditions 


UNITED STATES NUCLEAR REGULATORY COMMISSION 
RULES and REGULATIONS 


TITLE 10, CHAPTER 1, CODE OF FEDERAL REGULATIONS — ENERGY 


PACKAGING OF RADIOACTIVE MATERIAL FOR 
TRANSPORT AND TRANSPORTATION OF RADIOACTIVE 
MATERIAL UNDER CERTAIN CONDITIONS * 


PART 


71 


Sebpart A —General Pro sisioas 


Pur pose 

Scope 

Requirement for license 
Definitions 

Transportation of licensed material 


EXEMPTIONS 


Specific exemptions 

Exemption for no more than type A quan 
tities 

Exemption of physicians 

Exemption of fissile material 

Limited exemption for shipment of type B 
quantities of radioactive material 


GENERAL LICENSES 


General license for shipment of licensed 
material 

General license for shipment in DOT specifi 
cation contamers, in packages approved 

for use by another person, and in packages 

approved by a foreign national comer 
tent authority 

Communicaticas 

Interpretations 

Additional requirements 


Amendment of existing licenses 
Subpart B—License Applications 


Contents of application 
Package description 
Package evaluation 
Procedural controls 
Additional information 


Sebpart C—Pachage Standards 


General standards for all packaging 

Structural standards for type B and large 
quantity packaging 

Criticality standards for 
packages 

Evaluation of a single package 


fissile material 


Standards for normal conditions of transport 
for a single package 

Standards for hypothetical accident cond: 
trons for a single package 

Evaluation of an array of packages of fissile 
material 

Specific standards 
package 

Specific standards 
package 

Specific standards for a Fissile Class IIE chip 
ment 

Previously constructed packages for irradi 
ated solid nuclear fuel 


for a Fissile Class | 


for a Fissite Class I 


for plutonium 
1978 


Special ship 


ments after June 17 


requirements 


Sebpart D—Operating Procedures 


Establishment and maintenance of pro 
cedures 

Assumptions as to 

Preliminary determinations 


Routine determinations 


unknown properties 


Opening imstructions 
Reports 

Records 

Inspection and 


Violations 
Appendices 


if transport 
fent conditions 


Appendix A-—Normal conditions 


sppendix B—Hypothetical accr 
grouping 
D—Tests for special f 


Appendia ( Transpor of radsvonuctides 


rm licensed 


Appendis 


maverial 


AUTHORITY vf this Part 71 
issued under secs $3, 63, 81, 161, 182, 183, 68 Sta 
9? 933.9435, 948. 953. 954, as amended, 42 U $¢ 
2093, 211, 2201, 2232, 2233. unless other 
wist noted For the purposes of sec 223,68 Stat 958 
42USC 2273, §§ 71 61—71! 63 tssued 
610. 68 Stat 950, as amended, 42 U $¢ 
206, Pub L 93-418 

S842. S846 


The provisions 


O14 
0 


as amended 
under sec 

220itod sees 
42US8¢ 


202 


88 Stat 
244, 1246 


§ 71.1 Purpose. 

(a) This part establishes require- 
ments for transportation and for pre 
paration for shipment of licensed 

t material and prescribes procedures and 

© standards for approval by the Nuclear 

2 Regulatory Commission of packaging 

Zand shipping procedures for fissile 

gg material (uranium 233, uranium-235, 
plutonium-238, plutonium-239, and 
plutonium-24!) and for quantities of 
licensed materials in excess of type A 
quantities, as defined in § 71.4(q), and 
prescribes certain requirements govern 
ing such packaging and shipping 


(b) The packaging and transport of 
these materials are also subject to other 
parts of this chapter and to the regula 


*Amended 37 FR 3985 


trons of other agencies having jurisdic 
tion over means of transport. The re 
quirements of this part are in addition to 
and not in substitution for, other re 
quirements 


§ 71.2 Scope. 


The regulations in this part apply to 
each person authorized by specific 
license issued by the Commission to 

% receive, possess, use or transfer licensed 
% materials, if he delivers such materials to 
© a carrier for transport or transports such 
r material outside the confines of his plant 
© or other place of use 


§ 71.3 Requirement for license. 


No licensee subject to the regulations 
in this part shall (a) deliver any licensed 
materials to a carr.er for transport or (b) 
transport licensed material except as 
authorized in a general license or 
specific license issued by the Commis 
sion, or as exempted in this part 


§ 71.4 Definitions. 


As used in this part 

(a) “Carrier’’ means any person 
engaged in the transportation 
passengers or property, as common, con 
tract, or private carrier, or freight for- 

= warder, as those terms are used in the In- 
terstate Commerce Act, as amended, or 

© the US. Post Office; 

5 (b) “Close reflection by water” 
means immediate contact by water of 
sufficient thickness to reflect a max*mum 
number of neutrons, 

(c)} “Containment vessel” means the 
receptacle on which principal reliance ts 
placed to retain the radioactive materiai 
during transport, 


of 


(d) ‘“Fissile classification’ means 
classification of a package or shipment of 
fissile materials according to the con- 
trols needed to provide nuclear cri 
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PART 71 e PACKAGING OF RADIOACTIVE MATERIAL FOR TRANSPORT~ 


ticality sa ety during transportation as 
follows 

(1) Fissile Class I: Packages which 
may be transported in unlimned num- 
bers and in any arrangement, and which 
require no nuclear criticality safety con- 
trols during transportation. For pur- 
poses of nuclear criticality safety con- 
trol, a transportation index ts not 
assigned to Fissile Class | packages 
However, the external radiation levels 
may require a transport index number 

(2) Fissile Class Il: Packages which 
may be transported together in any ar- 
rangement but in numbers which do not 
exceed an aggregate transport index of 
50. For purposes of nuclear criticality 
safety control, individual packages may 
have a transport index of not less than 
0.1) and not more than 10. However, the 
external radiation levels may require a 
higher transport index number but not to 
exceed 10. Such shipments require no 
nuclear criticality safety control by the 
shipper during transportation. 

(3) Fissile Class Hl: Shipments of 
packages which do not meet the require- 
ments of Fissile Classes I or Il and which 
are controlled in transportation by 
special arrangements between the ship- 
per and the carrier to provide nuclear 
criticality safety. 

(ce) ‘“‘Fissile materials’’ means 
> uranium-233, uranium-235, 
plutonium-238, plutonium-239, and 
plutonium -241, 

(f) “Large quantity” means a quan- 
tity of radioactive material, the aggreg- 
ate radioactivity of which exceeds any 
one of the following 

(1) For transport groups as defined 
in paragraph (p) of this section 

(i) Group I or II radionuclides: 20 
curies; 

(ii) Group III or IV radionuclides: 
200 curies, 

(ut) 
curies; 

(iv) Growp VI or VII radionuclides 
50,000 curies; 
and 

(2) For special form material as 
defined in paragraph (0) of this section: 
5,000 curies 

(g) “Low specific activity material” 
means any of the following 

(1) Uranium or thorium 
physical or chemical concentrate 
those ores, 

(2) Unirradiated natural or depleted 
uranium or unirradiated natural 
thorium, 

(3) Tritium oxide in aqueous solu- 
tions provided the concentration does 
not exceed 5.0 millicuries per milliliter 

(4) Material in which the activity ts 
essentially uniformly distributed and in 
which the estimated average concentra- 


ores and 
of 


Aoril 30. 1275 
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Group V radionuclides: 5,000 


tion per gram of contents does not ex 
ceed 

(1) 0.0001 millicurie of Group I ra 
dionuclides,; or 

(ii) 0.005 millicurie of Group II ra 
dionuclides; or 

(iii) 0.2 millicurie of Groups III or 
IV radionuclides. 


NOTE: This includes, but 1 not limited to 
materials of low radioactivity concentration such as 
residues of solutions from chemical processing 
wastes such as building rubble, metal, wood, and 
fabric scrap, glassware, paper, and cardboard , solid 
or liquid plant waste, sludges, and ashes 


(5) Objects of nonradioactive 
material externally contaminated with 
radioactive naterial, provided that the 
radioactive material is not readily dis- 
persible and the surface contamination, 
when averaged over an area of | square 
meter, does not exceed 0.0001 millicurie 
(220,000 disintegrations per minute) per 
square centimeter of Group I ra- 
dionuclides or 0.001 millicurie (2,200,- 
000 disintegrations per minute) per 
Square centimeter of other ra 
dionuclides 


(n) “Maximum normal operating 
pressure” means the maximum gauge 
pressure which is expected to develop in 
the containment vessel under the normal 
conditions of transport specified in Ap 
pendix A of this part, 

(i) “Moderator” means a material 
used to reduce, by scattering collisions 
and without appreciable capture, the 
kinetic energy of neutrons, 

(j) “Optimum interspersed hy- 
drogenous moderation” means the oc- 
currence of hydrogenous material bet 
ween containment vessels to such an ex- 
tent that the maximum nuclear reactivity 
results; 

(k) “Package” means packaging and 
its rz‘ »active contents; 

(1) “« ckaging’ means one or more 
receptacles and wrappers and their con 
tents excluding fissile material and other 
radioactive material, but including ab 
sorbent material, spacing structures, 
thermal insulation, radiation shielding, 
devices for cooling and for absorbing 
mechanical shock, external fittings, 
neutron moderators, nonfissile neutron 
absorbers, and other supplementary 
equipment, 

(m) “Primary coolant” means a gas, 
liquid, or solid, or combination of them, 
in contact with the radioactive material 
or, if the material is in special form, in 
contact with its capsule, and used to 
remove decay heat, 

(n) “Sample package’ means a 
package which is fabricated, packed, and 
closed to fairly represent the proposed 
package as it would be presented for 


transport, simulating the material to be 
transported, as to weight and physical 
and chemical form, 

0) “Special form” means any of the 
following physical forms of licensed 
material of any transport group 

(1) The material ts in solid form hav 
ing no dimension tess than 0 § 
millimeter or at least one dimension 
greater than five millimeters, does not 
melt, sublime, of ignite mm ai at a tem 
perature of 1 ,000° F , will not shatter of 
crumble if subjected to the percussion 
test described in Appendix D of this 

3 Part, and is not dissolved or converted 
into dispersible form to the extent of 

= more than 0.005 percent by weignt by 

% immersion for | week in water at 68° F 
or in air at 86° F , or 

(2) The material ts securely con 
tained in a capsule having no dimension 
less than 0.5 millimeter or at least one 
dimension greater than five millime 
which will retain its contents if suby = -d 
to the tests prescribed in Appendix w) of 
this part: and which is constructed of 
materials which do not melt, sublime, or 
ignite in air at 1.475° F, and do not dis 
solve or convert into dispersible form to 
the extent of more than 0.005 percent by 
weight by immersion for | week in water 
at 68° F. of in air at 86° F 


(p) “Transport group” means any 
one of seven groups into which ra 
dionuclides is normal form are 
classified , according to their toxicity and 
their relative potential hazard in 
transport, in Appendix C of this part 

(1) Any radionuclide not specifically 
listed in one of the groups in Appendix C 
shall be assigned to one of the Groups in 
accordance with the following table 


Radwactive half tne 


Radw 
nuclide 


Ow 1000 
days 


1000 days to Over 10° 
10 * years years 


Atomic 
number 
1-81 
Atomic 
number 82 
and over 


(2) For mixtures of radionuclides 
the following shall apply 

(i) If the identity and respective ac 
tivity of cach radionuclide are known, 
the permissib'ec activity of cach ra 
dionuclide shall be such that the sum, for 
all groups present, of the ratio between 
the total activity for cach group to the 
permissible activity for cach group will 
not be greater than unity 

(ii) If the groups of the radionuciides 
are known but the amount in cach group 
cannot be reasonably determined, the 


Group It Growp tt Group tl 
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mixture shall be assigned to the most 
restrictive group present 

(ii) If the identity of all or some of 
the radionuclides cannot be reasonably 
determined, each of those unidentified 
radionuclides shall be considered as 
belonging to the most restrictive group 
which cannot be positively excluded 

(iv) Mixtures consisting of a single 
radioactive decay chain where the ra 
dionuclides are in the naturally occur 
ring proportions shall be considered as 
consisting of a single radionuclide. The 
group and activity shail be that of the 
first member present in the chain, except 
that if a radionuclide “x” has a half-life 
longer than that of that first member and 
an activity greater than that of any other 
member, including the first, at any ume 
during transportation, the 
group of the nuclide “x” and the activity 
of the mixture shall be the maximum ac 
tivicy of that 
transportation 


transport 


nuclide x during 


Terms defined in Parts 20, 30 to 36 in 
clusive, and 70 of this chapter have the 


this part 


FR 994) 


same meaning when used in 


* 


(q) “ype A quar: ty” and “type B 
quantity” means a quantity 
tive material the aggregate radioactivity 
of which does not exceed that 
in the following table 


of radioac 


specified 


Transport groups 
11 4p) 


Type A 


quantity 


Type K 


r 


see § quantity 


(in curries) (in cures 


| 

it 

LL 

IV 

Vv 

Vi and Vil 
Special form 
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deliver any lice, sed material to a carrier 
for transport, unicss the licensee com 


§ 71.5 Transportation licensed 
material. 

(a) No licensee shall transport any 

licensed material outside of the confines 

of his plant or other place of use, or 


piles with the applicable requirements of 
the regulations appropriate to the mode 
Department ot 
Parts 
103 and 46 Part 
146, and the U.S. Postal Service in 39 
insofar as such 


of transport, of the 
Transportation in 
170-189, 14 CFR Part 


49 CER 


CFR Parts 14 and 15 


packages, placarding of the transporta- 
tion vehicle, monitoring requirements 
and accident reporting 

(b) When Department of Transpor- 
tation regulations are not applicable to 
shipments of licensed material by rail, 
highway, or water because. the shipment 
or the transportation of the ..ipment ts 
not in interstate or foreign commerce, or 
to shipments of licensed material by air 
because the shipment is not transported 
in civil aircraft, the licensee shall con- 
form to the standards and requirements 
of the Transportation 
specified in paragraph (a) of this section, 
to the same extent as if the shipment or 
interstate or 
civil aircraft 


Department of 


transportation were in 
foreign commerce or in 
Any requests for modifications, waivers, 
or exemptions from those requirements 
s referred to in those 
» filed with or made 
to, the Nuclear Regu ‘tory Commission 

Paragraph (a) of this section shall 
apply to th. tiansportation of 
the delivery of 
for 
ortauon is 


and any notuficatio 


“ 
requirements shall 


(Cc) 
not 
license naterial, or t 
material to @ Carrier 


trart 


licensed 


transport, where such 
subject to the regulations of the Depart 
ment of Transportation or the US 


{Postal Service 


EXEMPTIONS 


71.6 Specific exemptions. 
Cn application of any interested per- 
son or on its own initiative, the Commis 
- sion may grant such exemptions from the 
” requirements of the regulations in this 
part as it determines are authorized by 
law and will not endanger life or proper 
ty or the common defense and security 
71.7 Exemption for no more than 
Type A quantities. * 


A licensee is exempt from all the re 
quirements of this part to the extent that 
he delivers to a carrer for transport 

Packages each of which contains 
no licen.ed material having a specific ac 
tivity in excess of 0.002 


microcurie/gram, OF 


(b) Shipments subject to the regula 
ions of the Department of Transporta 
tion in 49 CFR parts 1 70—189, 14 CFR 

> part 103, of 46 CFR part 146 or the US 
Postal Service in 39 CFR parts 14 and 15 
of packages each of which contains no 


more than a type A quantity of radioac- 
tive material, as defined in § 71.4(q), 


5 


(2) Thorium, or uranium containing 
not more inan 0.72 percent by weight of 
fissile material, or 

(3) Uranium compounds, other than 
metal (e.g., UFa UFs, or uranium oxide 
in bulk form, not pelletted or fabricated 
into shapes) or aqueous’ solutions of 
uranium, in which the total amount of 
uranium-233 and plutonium present 
does not exceed | Of percent by weight 
of the uranium-235 
total fissile 
1.00% percent by 
uranium content, or 

(4) Homogenous hydrogenous? solu 
tions or mixtures containing not more 
than 

(1) SOO grams of any fissile material 
provided the atomic ratio of hydrogen to 
fissile material is greater than 7,6L., or 

(11) 890 grams oft 
uranium-235: Provided, That the atomic 
rao of hycrogen to fissile material is 
greater than §,200, and the content of 
other material is not more than | 
percest by weight of the total 


content, and the 
exceed 


total 


content does not 


weight of the 
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iss!! 


uranintn-2345 ¢ 
«ys 
JOR 


235 


ntent, or 

ams Of urantum-233 and 
uranium Provided, That the a 
of hydrogen to fissile material ts 
greater than §,200 the 
piutonium is not more than | percent by 
weight of the 
235 content, of 


(iin) 
mie 
ratio 
and content of 


total uranium-233 and 
uranium 
(5) Less than 356 
Provided That 


than S grams 


grams of fissile 


material there is) not 
more f fissite mace 


[any cubic foc within the package 
[5 71.8 Excmption of physicians. 


Physicians, as defined in § 35. 3(b) 0 
this chapter 
tions in this part t 
tansport licensed material for use in tt 


are exempt from the regula 
the extent (hat the 


practice of medicine 


71.9 Exemption for fissile material. 
A licensee 1s 
ments in §§ 71.33, 71 
71.37, 71.38, 71.39, and 
tent that he delivers to a 
transport packages each of which con 
tains one of the following 

(a) Not more than 15 grams ot fissile 


exempt from require 
35(b), 71.35(b) 
71.40 to the ex 
carrier for 
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material, or 
(b) Thorium, or 
not more than 0.72 percent by weight of 


uranium containing 


fissile material, or 
(c) Uranium compounds, other thar 


metal (e.g., UFs, UFe, or uranium oxid 


regulations relate to the packaging of 
byproduct, source, or special nuclear 
material, marking and labeling of the 
packages, loading and storage of 


which may include one of the fo./owing 
(') l 


na 


Not more than 15 grams of fissile This applies t 


material, or yeaa 
This applies t 

gen 

\K FR 


ANd Gees Not apply t 


ight water 


y water 


————— 38 FR 1043 


and does not apply 


light hyd roge 


t deuterium 


0447 heavy Nyde 


t Amended 


we tritium) 


"Redesignated by 38 FR 


tAmended 3K FR 10 1647 


Eacept that for californium 252, the limit is 2. Ci 


April 30, 1975 


balk 


form 


lape >) 


not pelletted or fabr.cated 
ot 
of 


to aqueous! solr 
uranium, in which the total 
nium-233 and plu’onium present 


! 
| ions 
‘ 
! 

ur 
| does not exceed 1.0% percent by weight 
} 


amount 


of the uranium-235 content, and the 
total fissile content does not exceed 
1.00 percent by weight of the total 
uranium content; or 

(d) Homogeneous hydrogenous? 
solutions mixtures containing not 
more than 

(1) 500 grams of any fissile material, 
provided the atomic ratio of hydrogen to 
fissile material is greater than 7,600; or 

(2) 800 grams of 
uranium-235: Provided, That the atomic 
ratio of hydrogen to fissile material is 
greater than $,200, and the content of 
other fissile material is not more than | 
percent by weight the total 
uranium-235 content, or 

(3) S500 grams of uranium-233 and 
uranium-235: Provided, That the atomic 
ratio of hydrogen to fissile material is 
than 5,200, and the of 
plutonium js not more than | percent by 
weight of the total uranium-233 and 
uranium-235 content, or 
Less than 350 grams fissile 
material) Provided, That not 
more than 5 grams of fissile material in 
any cubic fooi within the package 


or 


ot 


greater content 


of 


there 1s 


(e) 
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§ 71.10 Limited exemption for ship- 
ment of type B quantities of 
radioactive material. 


A person delivering a type B quantity 
of radioactive material, as defined in 
§ 71.4(q), to a carrier fer transportin ac 
cordance with the provisions of a special 
permit, which has been issued by the 
Department of Transportation and is in 
effect on June 30, 1973, is exempt trom 
the requirements in this part with respect 
to such shipments. The exempirton 
granted by this section shall terminate on 
December 31, 1973, or on the date on 
which the DOT special permit expires 
whichever ts laier, except as to activities 

described both in the special permit and 

in an application for a license which the 

person has, prior to the termination date 

of the exemption, filed with the Commis 

sion. If the person has filed such an ap- 

plication, the exemption granted by this 
} section shall continue until the applica 

tion has been finally determined by the 
[ ommission 


This applies to light water and does not 
apply to heavy water 


GENERAL LICENSES ** 


‘This applies to light hydrogen and dose 


not apply to heavy hydrogen (Le., deuterium 
or tritium), 

**Added \8 FR 1043 

tAmended 38 FR 16347 
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*§ 71.11 General license for shipment 
of licensed material. 

; A general license is herhy issued, to 

= persons heiding specific licenses issued 

© pursuant this chapter, to deliver 

licensed material te a carrier for 

= transport, without complying with the 


package standards of Subpart C of this 
fe when cither 


to 


(a) The material is shipped as a 
Fissile Class II] shipment with the 


following limitations on its contents 


a 


than a type A quantity of radioactive 


as defined in § 71.4(q); and 


6 
o 

&% (1) No single package contains more 
Cc 

4 material 

@ 

8 


— 


(2) The fissile material contents of 
the shipment do not exceed 

(1) 500 grams of uranium -235; or 

(ii) 300 grams total of uranium-233, 
plutonium-238, plutonium-239, ard 
plutonium -241 

(itt) Any of 
uranium-233, uranium and 
plutonium in such quantities that the sum 
of the ratios of the quantity of each of 
them to the quantity specified in subdivi- 
sions (i) and (ii) of this subparagraph 
does not exceed unity, or 
2500 grams of plutonium-238, 
p'utonium<239, and plutonium-241 en- 
capsulated as plutonium-berylliuin 
neutron sources, with no one package 
containing in excess of 400 grams of 
plutonium-238, plutonium-239, and 
plutonium -241, or 

(b) The material is shipped as Fissile 
Class I] packuges with the following 
limitations the contents of each 


package 


or 
combinattor 
235 


(iv) 


z 
2 
a 
ha 
a 
ro) 

| 

‘ 


on 


mo 


(1) No single package contains more 
than a type A quantity of radioactive 
material, as defined in § 71.4(q); and 


— 


(2) No package contains fissile 
material in excess of the amounts 
specified in the following table, and each 
package is labeled with the correspond- 
ing transport index 


Maximum quaniity of fissile material 
in a single package 
Corre 


Plutonium 
as Pu-Be 


neutron 


sponding 
U-235 ( 


(grams) 


233 Pluto 


nen 


transport 
(grams) index 
sources 


(grams) 


(grams) 


15.40 23-25 
W-45 ’ 21-24 


28.4 19-21 


320.400 
240 320 
160.240 


"Redesignated 18 FR 10437 


20-25 
18-20 


NOTE Combinat 
authorized. F 
transport index is the 
pondong transport indexes 
shall not exceed 10 


ns of finstte materials are 
r combinations of fissile materials. the 
sum of the individual corres 


The ‘otal transport inde 


mat 


§ 71.12 General license for shipment 
in DOT specification containers, in 
packages approved for use by 
auother person, and in packages ap- 
proved by a foreign national com- 
peteat authority. 


39 FR 2213! 


a 


= A general license is hereby issued, to 
persons holding a general or specific 
license issued pursuant to this chapter, to 
i, deliver licensed material to a carrier for 
© transport 


L.. 


e (a) In a specification container for 
fissile material as specified in § 173.396 
(b) or (c) or for a type B quantity of 
radioactive material as specified in 
§ 173.394(b) or § 173.395(b), or for a 
large quantity of radioactive material as 
specified in § 1 73.°94(c) or § 173.395(c) 
of the regulation of the Department of 
Transportation, 49 CFR part 173, or 
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(b) In a package for which a license, 
certificate of compliance or other ap- 
proval has been issued by the Commis- 
Director of Nuclear Matertal 

Safety and Safeguards or the Atomic 

Energy Commission, provided that 

(1) The person using a package pur- 
suant to the general license provided by 
this paragraph 

(1) Hasa copy of the specific license, 
certificate of compliance, or other ap- 
proval authorizing use of the package 
and all documents referred to in the 
hieense, certificate, or other approval, as 
applicable, 

(ir) Complies with the terms and 
conditions of the license, certificate, or 
~ other approval, as applicable, and the 
© applicable requirements of this part, and 

(41) Prior to first use of the package 
submits in writing the Director of 
| Nuclear Material Safety and Safeguards 


sion's 


to 


or the Atomic Energy Commission, 
his nam. and license number, the name 
and license or certificate number of the 
person to whom the package approval 

issued, and the package iden 


has been 
tification number specified in the 
package approval 

(2) The package approval authorizes 


use of the package under general license 
provided in this paragraph 


"3 (c) Ina package which meets the per 
ZX tinent requirements in the 1967 regula 
a tions of the Laternational Atomic Energy 
“ Agency and the use of which has been ap 
* proved in a foreign national competent 
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authority certificate which has been 
revalidated by the Department of 
Transportation, Provided, That the per- 
son using a package pursuant to the 
general license provided by 


7 
ao] 
rg 
= 
& 
t=] 
= 
2 
vv 
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Has and complies with the ap- 
plicable certificate, the revalidation, and 
the documents referenced in the certifi 
cate relative to the use and maintenance 


of the packaging, and the actions to be 
taken prior to shipment; and 


38 FR 1043 


(2) Complies with the applicable re- 
quirements of this part, and the Depart- 
ment of Transportation regulations in 49 
CFR part 173, 
CFR part 146. 


14 CFR part 103, and 46 


§ 71.13 Communications. 


All communications concerning the 
~ regulations in this part should be ad- 
f dressed to the Nuclear Regulatory Com- 
© mission, Washington, D.C. 20555, At- 
&u tention: Director of Nuclear Material 
3 Safety and Safeguards, or may be 

delivered in person at the Commission's 
offices at 1717 H Street NW., 
Washington, D.C. or at 7920 Norfolk 
Avenue, Bethesda, Maryland 


*§ 71.14 Interpretations. 

Except as specifically authorized by 
the Commission in writing, no in- 
terpretation of the meaning of the 
regulations in this part by an officer or 
employee of the Commission other than 
a written interpretation by the General 
Counsel will be recognized to be binding 
on the Commission 


31 FR 9941 


*§ 71.15 Additional requirements. 


The Commission may by rule, regula- 
tion, or order impose upon any licensee 
such requirements, in addition to those 
established in this part, as it deems 
necessary appropriate to protect 
health or to minimize danger to life or 
property 


or 


**$ 71.16 Amendment of existing 
licenses. 


(a) Laicenses issued pursuant to this 
part and in effect on October 4, 1968 
which authorize Fissile Class I] packages 
are hereby amended by increasing the 
minimum number of units specified for 
each Fissile Class I] package by a factor 
of 1.25. The new number, shail be 
rounded up to the first decimal. In addi- 
tion, the term “radiation units” is 
changed to “iransport inde<" wherever 


* 


37 FR 3985 


—_—_— 
“Redesignated by FR 10447 
***Amended 47 FR 39KS 


this 


4 used in the license 

(b) The reference to § 71.7(b) in 
oc licenses issued pursuant to this part prior 
+ to March 26, 1972,°° is changed to 
m§ 71.9(b) 
ie 


7 


(c) The reference to § 71.9(b) in 
licenses issued pursuant to this part prior 
to June 30, 1973, is changed to 71.12(b) 
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Subpart B—License Applications 


§ 71.21 Contents of application. 

An application for a specific license 
under this part may be submitted as an 
application for a license or license 
amendment under this chapter and shall 
include, for each proposed packaging 
design and method of transport, the 
following information in addition to any 
otherwise required 

(a) A package description as re- 
quired by § 71.22; 

(b) A package evaluation as required 
by § 71.23; 

(c) A description of proposed pro- 
cedural controls as required by § 71.24; 

(d) In the case of fissile material, an 
identification of the proposed fissile 
class 


§ 71.22 Package description. 


The application shall include a 
description of the proposed package in 
sufficient detail to identify the package 
accurately and to provide a sufficient 
basis for evaluation of the packaging 
The description should include 

(a) With respect to the packaging 

(1) Gross weight; 

(2) Model number; 

(3) Specific materials of construc- 
tion, weights, dimensions, and fabrica- 
tion methods of 

(i) Receptacles, identifying the one 
which is considered to be the contair 
ment vessel; 

(ii) Materials specifically used as 
nonfissile neutron absorbers or modera- 
tors, 

(iii) Internal and external structures 
supporting or protecting receptacles, 

(iv) Valves, sampling ports, lifting 
devices, and tie-down devices; 

(v) Structural and mechanical means 
for the transfer and dissipation of heat, 
and 

(4) Identification and volumes of 
any coolants and of receptacles contain- 
ing coolant 

(b) With respect to the contents of 
the package 


_ 
**E ffective date of this amendment 


(1) Identification and maximum 
radioactivity of radioactive constituents, 

(2) Identification and maximum 
quantities of fissile constituents, 

(3) Chemical and physical form; 

(4) Extent of reflection, the amount 
and identity of non-fissile neutron absor- 
bers in the fissile constitutents, and the 
atomic ratio of moderator to fissile con- 
stituents; 

(5S) Maximum weight, and 

(6) Maximum amount of decay heat 


> § 71.23 Package evaluation. 


The applicant shall 

(a) Demonstrate that the package 
satisfies the standards specified in Sub 
part C; 

(b) For a Fissile Class II package, 
ascertain and specify the number of simi- 
lar packages which may be transported 
together in accordance with § 71.39, and 

(c) For a Fissile Class II] shipment, 
describe any proposed specia! controls 
and precautions to be exercised during 
transport, loading, unloading, and han- 
dling, and in the event of accident or 
delay 


aS 71.24 Procedural controls. 


The applicant shall describe the regu- 
~ lar and periodic inspection procedures 
{Proposed to comply with § 7!.S1(c) 


[s 71.25 Additional information. 


& 
N 
N 
x 
uw 
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The Commission may at any time re- 
quire further information in order to 
enable it to determine whether a license, 
certificate of compliance, or other ap- 

proval should be granted, denied, 
[ modified. suspended, or revoked 


Subpart C—Package Standards 


71.31 standards for all 


pack aging. 
(a) Packaging shall be of such 


§ 

materials and construction that there 
wilt be no significant chemical, galvanic, 
or other reaction among the packaging 


comporents, or between the packaging 
components and the package contents 

(b) Packaging shall be equipped with 
a positive closure which will prevent in 
advertent opening 

(c) Lifting devices 

(!) If there is a system lifting 
devices which is a structural part of the 
package, the system shall be capable of 
supporting three times the weight of the 
loaded package without generating siress 
in any material of the packaging in ex- 
cess of its yield strength 

(2) If there is a system 


General 
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ot 


of lifting 
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devices which is a structural part only of 
the lid, the system shall be capable of 
supporting three times the weight of the 
lid and any attachments without generat- 
ing stress in any material of the lid in ex- 
cess of its yield strength 

(3) If there is a structural part of the 
package which could be employed to lift 
the package and which does not comply 
with subparagraph (1) of this paragraph, 
the part shall be securely covered or 
locked during transport in such a man- 
ner as to prevent its use for that purpose. 

(4) Each lifting device which is a 
structural part of the package shall be so 
designed that failure of the device under 
excessive load would not impair the con- 
tainment or shielding properties of the 
package 

(d) Tie-down devices: 

(1) If there is a system of tie-down 
devices which is a structural part of the 
package, the system shall be capable of 
withstanding, without generating stress 
in any material of the package in excess 
of its yield strength, a static force ap- 
plied to the center of gravity of the 
package having a vertical component of 
two times the weight of the package with 
its contents, a horizontal component 
along the direction in which the vehicle 
travels of 10 times the weight of the 
package with its contents, and a horizon- 
tal component in the transverse direction 
of 5 times the weight of the package with 
its contents 

(2) If there is a structural part of the 
package which could be employed to tie 
the package down and which does not 
comply with subparagraph (1) of this 
paragraph, the part shall be securely 
covered or locked during transport in 
such a manner as to prevent its use for 
that purpose 

(3) Each tie-down device which is a 
structural part of the package shali be so 
designed that failure of the device under 
excessive load would not impair the 
ability of the package to meet other re- 
quirements of this subpart 


| 

Packaging used to ship a type B or a 
large quantity of radioactive material, as 
defined in § 71.4 (q) and (f), shall be 
designed and constructed in accordance 
with the structural standards of this sec- 


[_tion 
r Standards different from those 
= specified in this section may be approved 
by the Commission if the controls pro- 
posed to be exercised by the shipper are 
demonstrated to be adequate to assure 
the safety of the shipment 
(a) Load resistance. Regarded as a 


71.32 Structural standards for type 
B and large quantity packaging. 
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simple beam vupported at its ends along 
any major axis, packaging shail be capa- 
ble of withstanding a static load, normal 
to and uniformly distributed along its 
length, equal to 5 times its fully loaded 
weight, without generating stress in any 
material of the packaging in excess of its 
yield strength. 

(b) External pressure. Packaging 
shall be adequate to assure that the con- 
tainment vessel will suffer no loss of con- 
tents if subjected to an external pressure 
of 25 pounds per square inch gauge. 


§ 71.33 Criticality standards for 
fissile material packa,es. 


(a) A package used for the shipment 
of fissile material shall be so designed 
and constructed and its contents so 
limited that it would be subcritical if it is 
assumed that water leaks into the con- 
tainment vessel, and: 

(1) Water moderation of the con- 
tents occurs to the most reactive credible 
extent consistent with the chemical and 
physical form of the contents; and 

(2) The containment vessel is fully 
reflected on all sides by water 

(b) A package used for the shipment 
of fissile material shall be so designed 
and constructed and iis contents so 
limited that it would be subcritical if it is 
assumed that any contents of the package 
which are liquid during normal 
transport leak out of the containment 
vessel, and that the fissile material is 
then 

(1) In the most reactive credible 
configuration consistent with the chemi- 
cal and physical form of the material; 

(2) Moderated by water outside of 
the containment vessel to the most rcac- 
tive credible extent; and 

(3) Fully reflected on all sides by 
water. 

(c) The Commission may approve 
exceptions to the requirements of this 
section where the containment vessel in- 
corporates special design features which 
would precluae leakage of liquids in 
spite of any single packaging error and 
appropriate measures are taken before 
cach shipment to verify the leak tightness 
of each containment vessel 


§ 71.34 Evaluation of a single 
package. 


(a) The effect of the transport en- 
vironment on the safety of any single 
package of radioactive material shall be 
evaluated as follows 

(1) The ability of a package to withs- 
tand conditions likely to occur in normal 
transport shall be assessed by subjecting 
a sample package or scale model, by test 
or other assessment, to the normal con- 
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ditions of transport as specified in 
§ 71.35; and 

(2) The effect on a package of condi- 
tions likely to occur in an accident shall 
be assessed by subjecting a sample 
package or scale model, by test or other 
assessment, to the hypothetiwal accident 
conditions as specified in § 71.36. 

(b) Taking into account controls to 
be exercised by the shipper, the Commis- 

= sion may permit the shipment to be 
evaluated together with or without the 
& transporting vehicle, for the purpose of 
= one or more tests. 

(c) Normal conditions of transport 
and hypothetical accident conditions 
different from those specified in § 71.35 
and § 71.36 may be approved by the 
Commission if the controls proposed to 
be exercised by the shipper are 
demonstrated to be adequate to assure 
the safety of the shipment. 


§ 71.35 Standards for normal conadi- 
tions of transport fo. a single 
package. 


(a) A package used for the shipment 
| of fissile material or more than a type A 
2 quantity of radioactive material, as 
3 defined in § 71.4(q), shall be so designed 


fand constructed and its contents so 
o limited that under the normal conditions 


EE transport specified in appendix A of 


this part: 


(1) There will be no release of 
radioactive material from the contain- 
ment vessel; 

(2) The effectiveness of the packag- 
ing will not be substantially reduced; 

(3) There will be no mixture of gases 
or vapors in the package which could, 
through any credible increase of 
pressure or an explosion, significantly 
reduce the effectiveness of the package; 

(4) Radioactive contamination of the 
liquid or gaseous primary coolant will 
not exceed 1C-? curies of activity of 
Group I radionuclides per milliliter, 

+ 5x10°¢ curies of activity of Group II ra- 
$ dionuclides per milliliter, 3x10-4 curies 
a of activity of Group II! and Group iV 
“ radionuclides per milliliter; and 

| (5) There will be no loss of coolant 

(b) A package used for the shipment 
of fissile material siall be so designed 
and constructed an! its contents so 
limited that under the normal conditions 
of transport specified in Appendix A of 
this part 

(1) The package will be subcritical; 

(2) The geometric form of the 
package contents would not be substan- 
tially altered, 

(3) There will be no leakage of water 
into the containment vessel. This re- 
quirement need not be met if, in the 
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evaluation of undamaged packages 
under § 71.38(a), §71.39(a)(1), or 
§ 71.40(a), it has been assumed that 
moderation is present to such an extent 
as to Cause maximum reactivity consis- 
tent with the chemical and physical form 
of the material; and 

(4) There will be no substantial 
reduction in the effectiveness of the 
packaging, including: 

(i) Reduction by more than 5 percent 
in the total effective volume of the 
packaging on which nuclear safety is 
assessed ; 

(ii) Reduction by more than 5 per- 
cent in the effective spacing on which 
nuclear safety is assessed, between the 
center of the containment vessel and the 
outer surface of the packaging; or 

(iii) Occurrence of any aperture in 
the outer surface of the packaging large 
enough to permit the entry of a 4-inch 
cube. 
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(c) A package used for the shipment 
of more than a type A quantity of 
radioactive material as defined in 
§ 71.4(q), shall be so designed and con- 
structed and its contents so limited that 
under the normal conditions of transport 
specified in appendix A of this part, the 
containment vessel would not be ventec 
directly to the atmosphere. 


RPE ES 


§ 71.36 Standards for hypothetical 
accident conditions for a single 


A package used for the shipment 
of more than a type A quantity of 
radioactive material, as defined in 
§ 71.4(q), shall be so designed and con- 
structed and its contents so limite@ that 
if subjected to the hypothetical accident 
conditions specified in appendix B of 
this part as the free drop, puncture, ther- 
mal, and water immersion conditions in 
the sequence listed in appendix B, it will 
meet the following conditions: 


(1) The reduction of shielding would 
not be sufficient to increase the external 
radiation dose rate to more than 1,000 
millirems per hour at 3 feet from the ex- 
ternal surface of the package. 
(2) No radioactive material would 
be released from the package except for 
gases and contaminated coalant contain- 
ing total radioactivity exceeding neither: 

(i) 0.1 percent of the total radioac- 
tivity of the package contents; nor 

(ii) 0.01 curie of Group I ra- 
dionuclides, 0.5 curie of Group II ra- 
dionuclides, 10 curies of Group III ra- 
dionuclides, 10 curies of Group IV ra- 
dionuclides, and 1,000 curies of inert 
gases irrespective of transport group. 
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A package need not satisfy the require- 


| ments of this paragraph if it contains 

wonly low specific activity materials, as 

defined in § 71.4(g), and is transported 

aon a motor vehicle, railroad car, 

«aircraft, inland water craft, or hold or 

© deck of a seagoing vessel assigned for the 
sole use of the licensee. 


(b) A package used for the shipment 
of fissile material shall be so designed 
and constructed and, its contents so 
limited that if subjected to the hypotheti- 
cal accident conditions specified in Ap- 
pendix B of this part as the Free Drop, 
Puncture, Thermal, and Water Immer- 
sion conditions, in the sequence listed in 
Appendix B, the package would be 
subcritical. In determining whether this 
standard is satisfied, it shall be assumed 
that: 

(1) The fissile material is in the most 
reactive credible configuration consis- 
tent with the damaged condition of the 
package and the chemical and physical 
form of the contents; 

(2) Water moderation occurs to the 
most reactive credible extent consistent 
with the damagea condition of the 
package and the chemical and physical 
forin of the contents; and 

(3) There is reflection by water on 
all sides and as close as is consistent with 
the damaged condition of the package. 


§ 71.37 Evaluation of an array of 
packages of fissile material. 

3 (a) The effect of the transport en- 

© viron.aent on the nuclear safety of an ai- 

% ray of packages of fissile material shall 
be evaluated by subjecting a sample 
patkage or a scale model, by test or 
other assessment, to the hypothetical ac- 
cident conditions specified in § 71.38, 
§ 71.39, or § 71.40 for the proposed 
fissile class, and by assuming that each 
package in the array is damaged to the 
same extent as the sample package or 
scale model. In this case of a Fissile 
Class [1] shipment, the Commission may, 
taking into account controls to be exer- 
cised by the shipper, permit the shipment 
to be evaluated as a whole rather than as 
individual packages, and either with or 
without the transporting vehicle, for the 
purpose of one or more tests. 

(b) In determining whether the stan- 
dards of §§ 71.38(b), 71.39(a) (2), and 
71.40¢b) are satisfied, it shall be assumed 
that: 

(1) The fissile material is in the most 
reactive credible configuration consis- 
tent with the damaged condition of the 
package, the chemical and physical form 
of the contents, and controls exercised 
over the number of packages to be 
transported together; and 


(2). Water moderation occurs to the 


| 


most reactive credible extent consistent 
with the damaged condition of the 
package and the chemical and physical 
form of the contents 


§ 71.38 Specific standards for a 
Fissile Class I package. 


A Fissile Class | package shall be so 
designed and constructed and its con- 
tents so limited that 

(a) Any number of such undamaged 
packages would be subcritical in any ar- 
rangement, and with optimum in- 
terspersed hydrogenous moderation 
unless there is a greater amount of in- 
terspersed moderation in the packaging, 
in which case that greater amount may be 
considered; and 

(b) Two hundred fifty such packages 
would be subcritical in any arrangement, 
if each package were subjected to the hy- 
pothetical accident conditions specified 
in Appendix B of this part as the Free 
Drop, Thermal, and Water Immersion 
conditions, in the sequence listed in Ap- 
pendix B, with close reflection by water 
on a!l sides of the array and with op- 
timum interspersed hydrogenous 
moderation unless there is a greater 
amount of interspersed moderation in 
the packaging in which case that greater 
amount may be considered. The condi- 
tion of the package shall be assumed to 
be as described in § 71.37. 


§ 71.39 Specific standards for a 
Fissile Class 1 packrge. 


(a) A Fissile Class I] package shall 
be so designed and constructed and its 
contents so limited, and the number of 
such packages which may be transported 
together so limited, that: 

(1) Five times that number of such 
undamaged packages would be subcriti- 
cal in any arrangement if closely 
reflected by water; and 

(2) Twice that number of such 
packages would be subcritical in any ar- 
rangement if each package were sub- 
jected to the hypothetical accident con- 
ditions specified in Appendix B of this 
part as the Free Drop, Thermal, and 
Water Immersion conditions, in the se- 
quence listed in Appendix B, with close 
reflection by water on all sides of the ar- 
ray and with optimum inters’ersed hy- 
drogenous moderation unless there is a 
greater amount of interspersed modera- 
tion in the packaging, in which case that 
greater amount may be considered. The 
condition of the package shall be 
assumed to be as described in § 71.37 


(b) The transport index for each 


Fissile Class 11 package is calculated by 
dividing the number 50 by the number of 
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such Fissiie Class I] packages which may 
be transported together as determined 
under the limitations of paragraph (a) of 
this section. The calculated number shall 
be rounded up to the first decimal place 


§ 71.40 Specific standards for a 
Fissile Class III shipment. 


A package for Fissile Class III ship- 
ment sha!l be so designed and con- 
structed and its contents so limited, and 
the number of packages in a Fissile Class 
II] shipment shall be so limited, that: 

(a) The undamaged shipment would 
be subcritical with an identical shipment 
in contact with it and with the two ship- 
ments closely reflected on all sides by 


* water; and 
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aoa, 


39 FR 20960 


(b) The shipment would be subcriti- 
cal if each package were subjected to the 
hypothetical accident conditions 
specified in Appendix B of this part as 
the Free Drop, Thermal, and Water Im- 
mersion conditions, in the sequence 
listed in Appendix B, with close reflec- 
tion by water on all sides of the array and 
with the packages in the most reactive 
arrangement and with the most reactive 
degree of interspersed hydrogenous 
moderation which would be credible 
considering the controls to be exercised 
over the shipment. The condition of the 
package shall be assumed to be as 
described in § 71.37. Hypothetical acci- 
dent conditions different from those 
specified, in this paragraph may be ap- 
proved by the Commission if the con- 
trols proposed to be exercised by the 
shipper are demonstrated to be adequate 
to assure the safety of the shipment. 


§ 71.41 Previously constructed 
packages for irradiated solid 
nuclear fuel. 


Notwithstanding any other provisions 
of this Subpart, a package, the use of 
which has been authorized by the Com- 
mission for the transport of irradiated 
solid nuclear fuel on or after September 
23, 1961, and which has been completely 
constructed prior to January 1, 1967, 
shall be deemed to comply with the 
package standards of this subpart for 
that purpose 


§ 71.42 Special requirements for 
plutonium shipments after June 17, 
1978. 


(a) Notwithstanding the exemption 
in § 71.9, plutonium in excess of twenty 
(20) curies per package shall be shipped 
as a solid 

(b) Plutonium in excess of twenty 
(20) curies per package shall be 
packaged in a separate inner container 
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placed within outer packaging that meets 
the requirements of Subpart C for 
packaging of material in normal form 
The separate inner container shall not 
release piutonium when the entire 
package is subjected to the normal and 
accident test conditions specified in Ap- 
pendices A and B. Solid plutonium in the 
following forms is exempt from the re- 
quirements of this paragraph 

(1) Reactor fuel elements; 

(2) Metal or metal alloy; or 

(3) Other plutonium bearing solids 


oO 
that the Commission determines should 
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be exempt from the requirements of this 
section. 

(c) Authority in licenses issued pur- 
suant to this part for delivery of 
plutonium to a carrier for transport 
under conditions which do not meet the 
limitations of paragraphs (a) and (b) of 
this section shall expire on June 17, 
1978. 


Subpart D—Operating Procedures 


§ 71.51 Establishment and mainte- 
nance of procedures. 


The licensee shall establish and main- 
tain: 

(a) Operating procedures adequate 
to assure that the determinations and 
controls required by this chapter are ac- 
complished; 

(b) Procedures for opening and clos- 
ing packages in which licensed material 
is transported to provide safety and to 
assure that, prior to delivery to a carrier 
for transport, each package is properly 
closed for transport; and 

(c) Regular and periodic inspection 
procedures adequate to assure that the 
procedures required by paragraphs (a) 
and (b) of this section are followed 


§ 71.52 Assumptions as to unknown 
properties. 


When the isotopic abundance, mass, 
concentration, degree of irradiation, 
degree of moderation, or other pertinent 
property of fissile material in any 
package is not known, the licensee shall 
package the fissile material as if tne 
unknown properties have such credible 
values as will cause the maximum 
nuclear reactivity 
§ 71.53 Preliminary determinations. 

(a) Prior to the first use of any 
packaging for the shipment of licensed 
materials, the licensee shall ascertain 
that there are no cracks, pinholes, un- 
controlled voids or other defects which 
could significantly reduce the effective- 
ness of the packaging 
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(b) Prior to the first use of any 
packaging for the shipment of licensed 
materials, where the maximum normal 
operating pressure will exceed 5 pounds 
per square inch gauge, the licensee shall 
test the containment vessel to assure that 
it will not leak at an internal pressure SO 
percent higher than the maximum nor- 
mal operating pressure 

(c) Packaging shall be conspicuously 
and durably marked with its model num- 
ber. Prior to applying the model number, 
the licensee shall determine that the 
packaging has been fabricated in accor- 
dance with the design approved by the 
Commission. 


§ 71.54 Routine determinations. 


Prior to each use of a package for ship- 
ment of licensed material the licensee 
shall ascertain that the package with its 
contents satisfies the applicable require- 
ments of Subpart C of this part and of the 
license, including determinations that 

(a) The packaging has not been sig- 
nificantly damaged, 

‘mY Any moderators and nonfissile 
neutron absorbers, if required, are pre- 
sent and are as authorized by the Com- 
mission; 

(c) The closure of the package and 
any sealing gaskets are present and are 
free from defects; 

(d) Any valve through which prim- 
ary coolant can flow is protected against 
tampering, 

(e) The internal gauge pressure of 
the package will not exceed, during the 
anticipated period of transport, the max- 
imum normal operating pressure, 

(f) Contamination of the primary 
coolant will not exceed, during the anti- 
cipated period of transport, the limits 
specified in § 71.35(a) (4) 


The provisions of this section shall not 
be applicable for packages authorized in 
the general licenses granted by § 71.6. In 
such cases the licensee sha!l ascertain 
that the contents of the package are as 
authorized in the general license 


[3 71.55 Opening instructions. 
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Prior to delivery of a package to a car- 
transport, the licensee shall 
assure that any special instruction 
necded to safely open the package are 
sent to or have been made available to 
the consignee 


[s 71.61 Reports. 


3 


ioe 
ve 
] 


The licensee shall report to the Direc 
tor of Nuclear Material Safety and 
Safeguards, U.S. Nuclear Regulatory 
Commission, Washington, D.C. 20555, 
within 30 days any instance tn which 
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there is substantial reduction in the 
effectiveness of any authorized packag- 
ing during use. 


$ 71.62 Records. 


(a) The licensee shall maintain for a 
period of 2 years after its generation a 
record of each shipment of fissile 
material or of more than a type A quan- 
tity of radioactive material as defined in 
} 71.4(q), in a single package, showing, 


§ 
pe applicable: 
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by model number; 

(2) Details of any significant defects 
in the packaging, with the means 
employed to repair the defects and pre- 
vent their recurrence; 

(3) Volume and identification of 
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(1) Identification of the packaging 


coolant; 

(4) Type and quantity of licensed 
material in each package, and the total 
quantity in each shipment; 

(5) For each item of irradiated fissile 
material; 

(i) Identification by model number; 

(ii) Irradiation and decay history to 
the extent appropriate to demonstrate 
that its nuclear and thermal charac- 
teristics comply with license conditions; 

(iti) Any abnormal or unusual condi- 
tion relevant to radiation safety 

(6) Date of the shipment; 

(7) For Fissile Class III, any special 
controls exercised; 

(8) Name and address of 
transferee; 

(9) Address to which the shipment 
was made; and 

(10) Results of the determinations 
required by §§ 71.53 and 71.54. 

(b) The licensee shall make available 
to the Commission for inspection, upon 
reasonable notice, all records required 
by this part 


the 


§ 71.63 Inspection and tests. 

(a) The licensee shall permit the 
Commission at all reasonable times to 
inspect the licensed material, packaging, 
and premises and facilities in which the 
licensed material or packaging are used, 
produced, tested, stored or shipped. 

(b) The licensee shall perform and 
permit the Commission to perform, such 
tests as the Commission deems necessary 
or appropriate for the administration of 
the regulations in this chapter. 


§ 71.64 Violations. 

An injunction or other court order 
may be obtained prohibiting any viola- 
tion of any provision of the Atomic 
Energy Act of 1954, as amended, or Ti- 
tle II of the Energy Reorganization Act 


of 1974, or any regulation or order 
issued thereunder. A court order may be 
obtained for the payment of a civil 
penalty imposed pursuant to section 234 
of the Act for violation of section 53, 57, 
62, 63, 81, 82, 101, 103, 104, 107, or 109 
a of the Act, or section 206 of the Energy 
™ R organization Act of 1974, or any rule, 
© regulation, or order issued thereunder, 
ot any term, condition, or limitation of 
¢ any license issued thereunder, or for any 
violation for which a license may be 
revoked under section 186 of the Act. 
Any person ~’ 9 willfully violates any 
provision of t. ¢ Act or any regulation or 
order issued thereunder may be guilty of 
a crime and, upon conviction may be 
punished by fine or imprisonment or 
both, as provided by law. 
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APPENDIX A—NORMAL CONDITIONS 
TRANSPORT 


OF 


Each of the following normal conditions of 
transport is to be applied separately to determine its 
effect on a package 

|. Heai—Direct sunlight at 
perature of 130° F. in sull air 

2. CAld—An ambient temperature of 40° F in 
sull air and shade 

3. Pressure—Atmospheric pressure of 04 times 
standard atmospheric pressure 

7 Vibration—V ibration 
transport 

5 Water Spray—A water spray sufficiently heavy 
to keep the entire exposed surface of the package ex 
cept the bottom continuously wet during a period 30 
minutes 


an ambtent tem 


normally imedent tc 


6. Free Drop—Between 1-1/2 and 2-1/2 hours 
after the conclusion of the water spray test, a tree 
drop through the distance specified below onto a flat 
essentially unyrelding horizontal surface, striking the 
surface in a position for which maximum damage is 
expected 

FREE FALL DISTANCE 
Package weighi Disiance 
(pounds) (feet) 
Less than 10,000 
10,000 to 20,000 
20,000 to 30,000 
More than 30,000 


7. Comer Drop—A free drop onto each corner of 
the package in succession, or in the case of a cylindn 
cal package onto each quarter of each rim, from a 
height of 1 foot onto a flat essentially unyielding 
horizontal surface. This test applies only to packages 
which are constructed primarily of wood or fiber 
board, and do not exceed 110 pounds gross weight 
and to all Fissile Class Il packagings 

8 Penetration—impact of the hemispherical end 
of a vertical steel cylinder 1-1/4 inches in diameter 
and weighing |3 pounds, dropped from a height of 40 
inches onto the exposed surface of the package which 
is expected to be most vulnerable to puncture. The 
long axis of the cylinder shall be perpendicular to the 
package surface 


9. Compresston—For packages not exceeding 
10,000 pounds in weight, a compressive load equal to 
either 5 times the weight of the package or 2 pounds 
per square inch multiplied by the maximum horizon 
tal cross section of ihe package, whichever 1s greater 
The load shall be applied during a period of 24 
hours, umformly against the top and bottom of the 
package in the position in which the package would 
normally be transported 
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. Cc —_ ‘ j NG OF APPENDIX C—TRANSPORT GROUPING OF 
APPENDIX B—H YPOTHETICAL ACCIDENT APPENDIX C—TRANSPORT GROUPI re : 
CONDITIONS RADIONUCLIDES RADIONUCLIDES—Continued 
The tollowing hyp — etical acesdent conditions are Element * Radionuclide *** Group Element * Radiwnuchide*** Group 


be applied sequentially, in the order indicated, to a S = Joa. nails as - 
PP Au 196 IV 


determine their cumulative effect on a package or ar Actiniun (89) Ae ie. 1 end rs 
ray of packages Ac 228 i - : 
1 Free Drop—A free drop through a distance of Auadicom 106) ise 241 \ oe Au 199 .... a 
30 feet onto a flat essentially unyrelding horizontal - pees 743 , Hafnium (72) Hf 181 . IV 
surface, striking the surface in a position for which paitaiody 480 Sb 122 en Holmium (67) Ho 166 o-- - WV 
maximum damage is expected y 7 Sb 124 itl Hydrogen (1) H 3 (see tritium) 
Sb 125 ; 7 il Indium (49). In 113. m..... IV 
2. Punciure—A free drop through a distance of a - In 114m -... i 
Argon (18) Ar-3 vi ‘ 
40 inches striking, in a position for which maximum Ar} tt In 11S m IV 
damage is expected, the top end of a vertical ‘he 4\ hei Vv In 115 : IV 
cylindrical mild steel bar mounted on an essentially BPE fodine (53) 1124 il 
unyielding horizontal surface. The bar shall be 6 in A 3 Phe IV 1125 il 
ches in diameter, with the top horizontal and its edge ere Os As 74 ; IV 1126 ~- $8 
rounded to a radius of not more than one-quarter As 76 IV 1129 ~~ $8 
a inch, and of such’ a length as to cause maximum As 77 : iV O13) cs - wl 
damage to the package, but not less than 6 inches A (85) A T 1 P : il $932... oo. 
long. The long axis of the bar shall be perpendicular ees ‘ pe assy ; 1433 ovens il 
Barium (56)- + Be 330... IV 1134 IV 
@ to the unyreiding horizontal surface Ba-133 it 
© 3 Thermal—Exposure to a thermal test in which be £40 iW 1135 nod IV 
4 77 / 
— the heat input to the package is not less than that . J+ iridium (77) Ir 190 IV 
c Berkelium (97) Bk 249 | A Ir 192 rT 
uo Which would result from exposure of the whole «“ r 192 i 
og Beryllium (4) Be 7 é iV b Ir 194 1V 
om package to a radiation environment of 1.475° F. for B h (83) Bi 206 1V a 
© 30 minutes with an emissivity coefficient of 0.9 ees Bi 307 WI a !ron (26) ‘ Fe 55 Iv 
assuming the surfaces of the package have an absorp- Bi 210 il we Fe 39.......- IV 
tion coefficient of 0.8. The package shall not be Bi 212 it 9 Krypton (36) Kr 85m... i 
covled artificially until 3 hours after the test period B 45 Br 82. IV Kr 85m on v 
unless it can be shown that the temperature on the in epee ( 2 Cd 109 Iv pressed) 
side of the package has begun to fall in less than 3 Cadmium (48) _ a in Kr 85 it 
hours Ca 113m 1V Kr 85 (uncom vi 
“d 115 ee 
4 Water Immersion (fissile material packages . ca pressed) 
Calcium (20) Ca 45 1V Kr 87 u 
only }—Immersion in water to the extent that all por Ca 47 IV 
tions of the package to be tested are under at least 3 c 98 . 249 \ Kr 87 one 
feet of water for a period of not less than 8 hours slifornium (98)... eb ' pressed) 
Cf 250 Lanthanum (57)..-. La 140 <cere IV 
BS 252 
S Cf 252 it Lead (82)... sacs PO MB ea IV 
2 Carbon (6) Cc i4 IV Pb 210...... ul 
x Cerium (58) sess) whee IV Pb 212 Wl 
u Criss ae Lutectum (71) Lu 172.. TT 
” Ce 144 Lu 177 r IV 
© Cesium (55 Cs 131 IV > vais 
um (5)-- + : Magnesium (12) Mg 28... i 
Cs 134m 4 Manganese (25) ....-. Mn $2 -..-- Iv 
Cs 134 Mn 54 IV 
Cs 135 ro Mn 56 .......... IV 
Cs ee . “i Mercury (80) Hg 197m IV 
Cs 13 - Mn 56 IV 
Chlorine (17) Cl 36 : a Mercury (80) _.. Hg 197m IV 
Cl 138 Hg 197 IV 
Chromium (24) Cr $1 IV Hg 203 IV 
Cobalt (27) Co $6 7 Mixed fission prod : ul 
Co 57 ucts MFP 
Co 58m IV 
png e Molybdenum (42)... Mo 99 IV 
, oi oC re Neodymium (60) Nd 147 IV 
Copper (29)... -u soreee Nd 149 IV 
Curium (96) Cm ane . Neptunium (93) Np 237 I 
Cm 20) ; Np 239 I 
said Nickel (28) Ni 56 i 
a Ni 59 IV 
Cm 246 
= Ni 63 iv 
Dysprosium (66) Dy 154 i Ni 65 iV 
rides Niobium (41) Nb 93 m.. IV 
y s Nb 95 Iv 
Erbium (68) Er 169 IV Fs Nb 97 IV 
Er 171 IV 
Osmium (76) Os 185 Iv 
' Europium (63) Eu 150 it = Os 191 @ iv 
i 
hte fe ee Os 191 IV 
caging + Os 193 IV 
a a “4 Palladium (46) Pd 103 Iv 
” Pd 109 Vv 
Fluorine (9) F ib IV Phosphorus (15). P32 iV 
Gadolinium (64) Gd 153 IV p > Pr i9t IV 
Gd 159 1V latinum (78) i M 
Pr 193 
Gallium (31) = . He PLiv3m IV 
ee PL 197m IV 
Germanium (32) Ge 71 IV Pt 197 IV 
Gold (79) Au 193 ~ Plutonium (94) Pu 238 (F) l 
red es Pu 239 (F) I 
Au | 


———— 
re eee 
See footnotes at end of table See footnotes at end of table 
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PART 7i e PACKAGING OF RADIOACTIVE MATERIAL FOR TRANSPORT 


APPENDIX C—TRANSPORT GROUPING OF APPENDIX C—TRANSPORT GROUPING Ot 


RADIONUCLIDES—Continued RADIONUCLIDES—Continued APPENDIX D—TESTS FOR SPECIAL FORM 


LICENSED MATERIAL 


Element * Radionuctides*** Group Element * Radionuclides Group | Free Drop—A tree drop through a distance of 
- — x a — er a WO feet onto a fat essentia'ty unyielding horizontal 
Pu 240 i g Th 232 ah | surtuce, striking the surface in such 4 position ast 
Pu 24) (F) | x Th 234 & sutter maximum damage 
Pu 242 i a Th Natural hh & 2 Percusion—Impact of the flat circular end of a 
Polomium (84) Po 210 I @ Thulium (69) Tm 168 itt © | inch diameter steel rod weighing 3 pounds. drop 
Potassium (19) K 42 IV Tm 170 ut _ ped through 4 distance of 40 inches. The capsule 
K 43 at Tm 171 tv © material shall be placed on a sheet of lead. of hard 
Praseodymium (59) Pr 142 1V Tin (50) $n it} iv ness numberr 3 Sto 4S onthe Vickers scale. and not 
Pr 143 IV Sa ii7m i more than | inch thick, supported by 4 smooth essen 
Promethium (61) Pm 147 1V Sn 121 i sily unyrelding surface 
Pm 149 lV Sn 125 iv 3 Meating—Heating in air to a temperature 
Protactimum (91) Pa 230 i ro 1.478° F. and remaining at that temperature for a 
Pa 231 ! ®& Tritwum (1) H 3 IV period of 10 minutes 
Pa 233 i 2 3 (as a gas, as 
Radium (88) Ra 223 il = 4 . _— 
luminous paint, oF A 
Ra 224 i > adsorbed on solid © 4 demmersion—immersion tor 24 hours in wate 
Ra 236 1 o materiai) Vil = at room temperature. The water shall be at pH © -pH 
Ra 228 l ” 8. with a maximum conductivity of LO miccomhes 
Radon (86) Rn 220 IV — & per centimeter 
Rn 222 il Tungsten (74) W 181 IV 3 
Rhenium (75) Re 183 IV W 185 IV ae 
Re 186 iV W 187 iV 
Re 187 IV Uranium (92) U 230 il 
Re 18 IV U 232 I 
Re Natural 1V U 233) il 
Khodium (45) Rh 103m IV U 234 l 
Rh 105 IV U 235 (F) i 
Rubidium (37) Rb 6 IV U 2% i 
Rb &7 IV U 238 iil 
Rb Natural IV U Natural itt 
Ruthenium (44) Ru 97 IV U Enriched (F) iil 
Ru 103 IV U Depleted i 
Ru 105 IV Vanadium (23) Vv 48 IV 
Ru !06 il Vv 49 il 
= Samarium (62) Sm 145 il Xenon (54) Xe 125 it 
Fs Sm 147 it Xe l3lm itl 
Sm 151 iV z Xe 13! mi(uncom- V 
u Sm 153 IV 3 pressed) ** 
® Scandium (21) Se 46 il x Xe 133 iil 
Sc 47 iV a Xe 133 (uncom vi 
Se 48 IV 4 pressed). ** 
Selenium (34) Se 75 IV Xe 135 il 
Sthicon (14) Si 31 1V Xe 135 (uncom V 
Silver (47)el1 Ag 105 IV pressed) °° 
Ag |1}0m il Ytterbium (70) Yb 175 IV 
Ag hl! IV Yitrium (39) Y 88 a 
Sodium (11) Na 22 iil Y 9 IV 
Na 24 Iv Y 91m ui 
Strontium (38) Sr 85 m IV Y 9!) ii 
Sr 85 IV Y 92 IV 
Sr 89 il Y93 iV 
Sr 90 in| Zinc (30) Zn 65 IV 
Sr 91 i Zn 69 m IV 
Sr 92 IV Zn 69. IV 
Sulphur (16) $ 35 IV Zirconium (40) Zr 93 IV 
Tantalum (73) Ta 182 i Zr 95 i 
Technetium (43) Te 96m Vv Zr 97 IV 
Te 96 IV 
Te 97 m IV aa ies 
Te 97 IV 
Te 99m IV 
Te 99 IV 
Tellursum ($2) Te 125m IV 
Te 127m lV 
Te 127 IV 
Te 129m ih 
Te i2 Iv 
Te | il 
Te 13 1V 
Terbium (65) Th 160 il 
Thallium (81) Ti 200 IV 
Ti 201 iV 
Ti 202 IV 
11 204 Mt, “URES peenBer shen in pacenstioten 
Thorium (90) eh 227 u **Uncompressed means at a pressure not exceed The record keeping and reporting re 
Th 4a8 . ing one atmosphere & quirements contained in this part have 
Hh : ***aAromic weight shown after the radionuc ide & been approved by the Bureau of the 
symbul % Budget in accordance with the Federal 
m—Metastable static a Reports Act of 1942 
See footnotes at end of table (F) Fissile material tha epo ci 2 
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APPENDIX D-2 
DEPARTMENT OF TRANSPORTATION 


49 CFR 173.393. General Packaging and Shipping Requirements 


§ 173.393 Gencral packaging znd ship- 
ment requirements, 


(a) Unless otherwise specified, all 
shipments of radioactive materials must 
meet all requirements of this section, ana 
must be packaged as prescribed in 
$§ 173.391 through 173.396 

(b) The outside of each package must 
incorporate a feature such as a seal, 
which {fs not readily breakable and which, 
while intact, will be evidence that the 
packace has not been illicitly opened 

(c) The smallest outside dimension of 
any packaze must be 4 !nches oi greater 

(d) Each radioactive material must be 
packaged in a packaging which has been 
desimned to maintain shielding etLiciency 
an? leak tizhtness, so that, under con- 
Citions normally incident to transporta- 
tion, there will he no relcase of radioac- 
tive material. If necessary, additional 
suitable inside packaging must be used. 
Each package must be capable of meeting 
the standards in §$§ 173.398(b) and 173.24. 

. Specification containers 
listed as authorized for radioactive ma- 
terials shipments may be assumed to 
meet those standards, provided the pack- 
ages do not exceed the gross weight 
limits prescribed for those containers in 
Part 178 of this chapter 

(1) Internal bracing or cushioning, 
where used, must be adequate to assure 
that, under the conditions normally { :- 
cident to transportation, the distance 
from the inner container or radioactive 
material to the outside wall of the pack- 
age remains within the limits for which 
the package design was based, and the 
radiation dose rate external to the pack- 
age does not exceed the transport index 
number shown on the label. Inner shield 
closures must be positively secured to 

‘prevent loss of the contents 

(e) The packaging must be desimned, 
constructed, and loaded so that during 
transport: 

(1) The heat generated witnin the 
package because of the radioactive ma- 
terials present will not. at any time dur- 
ing transportation, affect the efficiency 
of the package under the conditions 
normally incident to transportation, and 

(2) The temperature of the accessible 
external surfaces of the package will not 
exceed 122° F. in the shade when fully 
loaded, assuming still air at ambient 
temperature. If the package is trans- 
ported in a transport vehicle consigned 
for the sole use of the consignor, the 
maximum accessible external surface 
temperature shall be 180° F 

(f) Pyrophoric materials, in addition 
to the packaging prescribed in this sub- 
part, must also meet the packaging re- 
quirements of § 173.134 or § 173.154. Py- 
rophoric radioactive liquids may not be 

hipped by air 


(g) Liquid radioactive material in 
Type A quantities must be packaged in 
or within a leak-resistant and corrosion- 
resistant inner containment vessel. In 
addition: 

(1) The packaging must be adequate 
to prevent loss or di:persal of the radio- 
active contents from the inner contain- 
ment vessel if the packare were sub- 
jected to the 9 meter (30-foot) drop 
test prescribed in § 173.393(c) (2) (1); and 
either 

(2) Enough abscrhent material must 
be provided to absorb at least twice the 
volume of radioactive liquid contents. 
The absorbent material may be located 
outside the radiation shicld only Lf it 
can be shown that if the radicactive lic- 
uid contents were taken up by the ab- 
sorbent material the resultant dose rate 
at the surface of the package would not 
excced 1,000 millirem per hour; or 

(3) A secondary leak-resistant and 
corrosion-resistant containment vessel 
must be provided to retain the radtoac- 
tive contents under the normal condi- 
tions of transport as prescribed in 
€173.398()), assumine the failure of the 
inner primary containment vessel. 

(h) There must be no significant re- 
movable radioactive surface contamina- 
tion on the exterior of the package (see 
§ 173.397). 

(1) Except for shipments described in 
paragraph (Jj) of this section, all radio- 
active materials must be packaged in 
suitable packaging (shielded, if neces- 
sary) so that at any time during the 
normal conditions incident to transpor- 
tation the radiation dose rate does not 
exceed 200 millirem per hour at any point 
on the external surface of the package, 
and the transport index does not exceed 
, 


(J) Packares for which the radiation 
dose rate exceeds the limits specified in 
Pararraph (1) of this section, but does 
not exceed at ony tine during trans. 
portation any of the limits specified in 
poragraphs (J) (1) thronen ¢4) of this 
section miaty be transported in a transport 
vehicle which has been cousinned as ex- 
clusive use (except alreratt). Specific 
tustructions for mainteuance of the ex- 
clusive use (sole use) shipinent controls 
must be provided by the shipper to the 
carrier, Such instructions must be ine 
cluded with the saipping paper informa- 
tion: 
~ (1) 1,000 millirem per hour at 3 feet 
from the externa] surface of the package 
(closed transport vehicle only); 

(2) 200 millirem per hour at any point 
on the external surface of the car or 
vehicle (closed transport vehicle only): 

(3) Ten millirem per hour at any point 
2 meters (six feet) from the vertical 
planes projected by the outer Ioteral sur- 
face of the car or vehicle; or {€ the load 


is transported in an open transport ve- 
hicle, at any point 2 meters (six feet) 
from the vertical planes projected from 
the outcr ecges of the vehicle. 

(4) 2 millirem per hour in any nor- 
mally occupied position in the car or 
vehicle, except that this provision does 
not apply to private motor carriers. 

(k) [Reserved] 

() Packages consigned for export are 
also subject to the regulations of the for- 
cien governments invelved in the ship- 
ment. Sce $§ 173.8, 173.9, and 172.293b. 
(The regulations of the International 
Atomic Enerzy Asency (LAEA) are used 
by most foreign governnients.) 

(m) Prior to the first shipment of any 
package, the shipper shall determine by 
examination or appropriate test that: 

(1) The packaging meets the specified 
quality of design and construction; and 


(2) The effectiveness of the shielding 
and containment, and, where necessary, 
the heat transfer characteristics of the 
package are within the limits applicabie 
te or specified for the package design. 

(n) Prior to each shipment of any 
package, the shipper shall insure bv cx- 
amination or appropriate test that: 

(1) The package !s proper for the con- 
tents to be shipped: 

(2) The packaging is in unimpaired 
physical condition except for superficial 
marks; 

(3) Each closure device of the pack- 
aging, including any required gasket, is 
properly instal’ and secured and free 
of defects; 

(4) For a fissile material, any mod- 
erator and neutron absorber, if required, 
is present in proper condition; 

(5) Any special instructions for filling, 
closing. and pieparaticon of the package 
for shipment have been followed; 

(6) Each closure, valve, and any other 
opening of the containment system 
through wnich the radioactive content 
might escape is properly closed and 
sealed; 

(1) Eack package containing lquid in 
excess of a Type A quantity and destined 
for air shipment is tested to demonstrate 
the. it is leak tight under an ambient at- 
mospheric pressure differential of at least 
0.5 atmosphere (absolute) (7.3 p.s.i.a. or 
0.5 kg./cm."); the test may be conducted 
on the entire containment system or on 
any receptacle or vessel within the con- 
tainm*nt system, as appropriate to deter- 
mine mpliance with the requirement: 

(8) If the maximum normal operating 
pressure of a package is likel: to exceed 
0.35 kg./cm.* (gage), the inte~»al pres- 
sure of the containment system. «ili not 
exceed the design pressure during trans- 
portation; and 

(9) External radiation and contami- 
nation levels are within the allowable 
limits. 


(0) No person may offer for iranspor- 
tation a prckage ef radioactive materials 
until the temperature of the packaging 
system has reached equilibrium (see also 
paracraph (e) of tiris section) unless, for 
the specific contents, he has ascertained 
that the maximum applicable surface 
temperature linits cannot be exceeded 


APPENDIX D-3 


DEPARTMENT OF TRANSPORTATION 


49. CPR 73.332. Small Quantities of Radioactive 


Materials and Radioactive Device 3 


$ 173.391 Small qua. tities of radioac- 
tive materials and radioactive devices. 


‘a’ Radioactive materials in normal 
form not exceeding 001 millicurie of 
Group ! radionuclides; 0.1 millicurie of 
Group II radionuclides; 1 millicurie of 


Groups III, IV. V, or VI radionuclides: 
25 curies of Group VII radioruclides; 
tritium oxide in aqueous solution with 
a concentration not exceeding 0.5 milli- 
curles per milliliter and with a total ac- 
tivity per package of not more than 3 
curles; or 1 millicurte of radioactive 
material tn special fo1.m; and not con- 
taining more than 15 grams of uranium- 
235 are exempt from specification pack- 
aging, marking, and labeling, and are 
exempt from the provisions cf § 173.393, 
if the following conditions are met: 

(1) The materials are packaged in 
strong tight packages such that there will 
be no leakage of radioactive materials 
under conditions normally incident to 
transportation. 

(2) The package must be such that the 
radiation dose rate at any point on the 
external surface of the package does not 
exceed 0.5 millirem per hour. 

(3) There must be no significant re- 
movable radioactive surface contamina- 
tion on the exterlor of the package (see 
§ 173.397) 

(4) The outside of the inner container 
must bear the marking “Radloactive.” 

(b) Manufactured articles such as in- 
struments, clocks, e!ectronic tubes or ap- 
paratus, or other similar devices, hav- 
ing radioactive materials (other than 
liquids) in a nondispersible form as a 
component part, are exempt from specifi- 
cation packaging, marking, and labeling, 
and are exempt from the provisions of 
§ 173.393, if the following conditions are 
met: 


Nors 1: For radioactive gases, the require- 
ment for the radioactive material to be in 
@ nondispersible form does not apply 


(1) Radioactive materials are securely 
contained within the devices. or are se- 
curely packaged in strong, tight pack- 
ages, so that there will be no leakage of 
radioactive materials under conditions 
normally incident to transportation 

(2) The radiation dose rate at four 
inches from any unpackaged device does 
not exceed 10 millirem per hour. 

(3) The radiation dese rate at any 
point on the external surface of the out- 
side of the package may not exceed 0.5 
mi'lirem per nour. However, for exclusive 
use shipments only, the radiation at the 
external surface of the package or th 
ftem may exceed 9.5 millirem per hour, 
but must not exceed 2 millirem per hour, 


(4) There must be no significant re- 
movable radioactive surface contamina- 
tion on the exterior of the package isce 
§ 173.397). 

(5) The total radioactivity content of 
a package containing radioactive devices 
must not exceed the quantities shown in 
the following table: 


Quantity in curl 
Transport group ————-__—- — - -- 
Per Per 
device pxckare 


Spectal form. 


(6) No package may contain mere 
than 15 grams of fissile material 

(ec) A manufactured article, other than 
reactor fuel elements, in which the Only 
radioactive material is metallic natural 
or depleted uraniuin or natural thorium 
or alloys thereof, ts exempt from specifi- 
cation packaging, marking, and lahbvl- 
ing, and is exempt from the provisions of 
§ 173.393, If the following conditions are 
met: 

(c) Manufactured articles, other than 
reactor fuel elements, in which the  “'e 
radioactive material is matural or e- 
pleted uranium, are exempt from specifl- 
cation packaging, marking, and labeling 
and are exempt from the provisions of 
$ 173.393, if the following conditions are 
met: 

(1) The radiation dose rate at any 
point on the external surface of the out- 
side container does not exceed 05 
millirem per hour; 

(2) There must be no siznificant radio- 
active surface contamination on the ex- 
terior of the package. To determine 
whether “significant,” the s andard in 
§$ 173.397 must be used. 


(3) The total radioactivity content of 
each article must not exceed 3 curles 

(4) The outer surface of the uranium 
or thorium ts enclosed in a non-radio- 
active, sealed, metallic sheath 

(d) Shipments made under this sec- 
tion for transportation b:r motor carriers 


are exempt from Part 177. except § 177.- 
817, of this chapter 


APPENDIX D-4 
NUCLEAR REGULATORY COMMISSION 


10 CFR 73.30-36. Physical Protection of 


Special Nuclear Material in Transit 


barbed topning described in paragraph 
(f) (1) of this section of a height of not 
le in 8 feet 

Cetlings and floors constructed to 
offer resistance ta penetration equivaicnt 
to that of building walls described to 
Pp cagraph (f) (2 


) of this section 
(@) “Protected area” means an rrea 
passed by physical barriers and to 
is controlled 


Jital area” means any erca 
tains vifal equipment within 
, the walls, roof, and floor of 
tutute ph a) barriers of con- 
at Jeasi es substantial as walls 
iived Jn parngraph (f) (2) of this 


“Vital eq means any 


equipment, syst or material 
the fallvre, dest or release of 
which could dire rectly endan- 
ger the pub h safety by ex- 


posure to r ion. Equipment or syc- 
tei: which would be required to function 
to protect public health end safety fol- 
lowing such destruction, or re- 
ar: also con “ered to be vital. 

(j) “Material: 3 nea” Mcans eny 
which cont gpccial nnelear 
within a vault of u building, 
1d finor of which eaci 


fail re, 


> apy are 
ce nid car 
\ adjncent to a 
whi S monitored to 


e of individuals or ve- 


ns & tamper 


clectrica treraecchanics}, 


ting 


‘ tical, elect or finwar coe 
V ! will detect hitruston by 
aivid into a bullding, protected 
vith ares, or material acecss area, sna 
rds or wetchmicn by meats of 
Visible and suttble signais. 


sf of vauits o 
2 rooins Means hf Uiree-positton, 
tion resisvant, cial type, bullt-in 


i 
ock o1 coinhtassr* 


combination) m par & 
nd jn the case of fences, walls; and 
bull noes means an pitegral door Jock of 


vYhich provides protection equiv 
alent to a six-tumbier eylirtn 


wut tyne 


eof sx vault or 


room alos any Mpuiation re- 
ti:tant, clectr } cevier which 
pr the seiue nos & built-in 
Ce iation luck or nbination pad 
lovk hich can be ¢ viel vemotels or 
by th ren * or § ‘ytiou of infor- 
mation, which can be unfquciy eharce- 
teiled, end which aliows operatt af 


the devi “Locked” means protected by 
an oper e lock 
(mn) “Vault” means n Durplac-resistent 


windowless enck 


sure with walle, Moor 


and roof of: (1) Steel et leas’ one-hit 
inch tnick, (2) reinf d concrete or 
stone at least § inche, th'ck, (4) non- 


} 
reinforced concrete or stone at leaxt 12 
‘ 


finches thick, or (4) 1olithic floor cr 
roof construction of equivalent resist: - 
to entry, with « bulit-tin locs fa a sicel 


door at least * inch thick, exe 


rs utive of the 
locking mecha 


'- 
ism 


fo) “Vault-typ* room’ means a roo 
with one or: re deurs, 2.) capeble of 
being tocaed, protected by an fatrusicen 
Adan Hh ereates on glevm upon the 


PART 73 e PHYSICAL PROTECTION OF PLANTS AND MATERIALS 


entry of a person anywhere into the room 
and upon exit from the room or upon 
movement of an individuel within the 
room 

(p) “Industrial sabotage” means any 
delberate act directed arainst a plant 
in which an setivity Hcensed pursuant to 
the regulations fn chrepter is con- 
ducted, or to anv component of such a 
plant, which could direct!y or Indirectly 
endanger the public health and safety by 
exposure to radiation, other than such 
acts by an enemy of the Unitcd States, 


whether forcign government or other 
person. 
‘ 
‘q) “ERDA" me 
earct d Develo; 
or it authe 
$73.3 Interpretations. 


authorized by 
writing, no mterpre- 
ning of the rerulations 
vy eny officer or cmployee of 
other than a written in- 
y tr renere! Counsel will 
: recogni.cd as binding on the Com- 


Except as specifically 
the Commission ! 
tation of the rae 
in this part t 


the Commissior. 


8 73.4 Communications. 
Except where otherwise specified, all 
cor 215 and reports co: 


should be 


is in this part 


addre the Director of Nuclear 
Materi ty and Sa U.S. Nu- 
cl ry Cc ion, Washing- 
t or be delivered in 
or soMces at 1717 
tret LD.C.; at 7920 


nd 


Specific exemption. 
The Comr upon applica- 
sted person or upon its 
grant such exemptions 
suireinents of the reyuiations 


sion ma 


frat 


frora dic 


in th ; tas it determines nre autbar- 
ized by }) w and will not enduncer life or 
proper or the common dcfeuse and 


securii,, and are otherwise by the 
interesi. 
§ 73.6 Exerptions for ccrtnin quantities 
end kinds of special nuclear mat rial. 
A licensee is exempt from theo require- 
ments of £6%3.30 through 75.36 and af 
§5 13.60 ent 73-7¢ of this part, with re- 
speck to the following Special nuclear 
material: 
(a) Urnitina-235 


conta'tncd in ure- 


iium en iched to less thea 20 perecnt in 
the U ‘gotope: 
(b) Speciel nucicar inaterial which fa 


not readily coperutlde from other matlo- 
active soatericl nna which bes & total ex- 


ternal radiation dase male in exccss of 
109 vers por hour at vr distance of 3 fect 
from any gsecessthile pusece without in- 


torvening shiciding; and 


2 nuciear mats 
‘oding 350 Gri 
phitlonit 


rial in a 
sof ura- 
m, or & 


(ec) Speci 
quantity not e* 
7 ranium 


tu yi 
crab thereof, pouwscest tn any 
nye) arch, gualllv control met- 


Janer tory 


lectronte 


nliureg ice 


Puoysicat Protycnery or BSrecrat 
Nouciear Material i ‘TCHANSIT 


§ 73.30 Cenees! requirements. 


(a) Except as spectiied in §73.36(a) 
or as otherwise authorized pursuant to 
§ 72.30(f), cach licensee who transports 
or who delivers to a carrier for transport 
either uranium-235 (contained in ura- 
nium enriched to 20 percent or more in 
the U--235 tsotope), uranium-233, or plu- 
Jonium, or any cor ‘ination of these 
materials, which is 5,000 grams or more 
computed by the formula, grams 
(grams contained U-255) 42.5 (grams 
U-233 + grams plutonium), shall make 
arrengements to assure that such special 
nuclear material will, if a common or 
contrect carrier ts used, be transported 
under the established procedures of a 
carrier which provides a system for the 
physical protection of valuable material 
in transit and requires an exchange of 
hand-to-hand receipts et origin and 
destination and at all points enroute 
where there is a transfer of custody. 

(b) Transit tines of shipments other 
(han thoee specified in § 73.106) (3) cliall 
be minimized and routes shall hk ne- 
lected to avold areas of natural disaster 
or civil disorders. Such shipments shall 
be preplanned to assure -that celiveries 
occur at a time when the rerefver 4s! the 
final delivery point is present to accept 
receipt of shipment 

(c) Srecial nuclear material shall be 
shipped i: containers which are senied 
by tamper indicating type ecats. The 
container shall also be locked if it 1s not 
in anotier container or vehicle which ts 
locked. If inspection of the container ur 
velucle is not reguired@ by State or jocal 
authorities before firni destination, the 
outermost container or vehicle shall also 
be sealed by tamper tindicaling type 
seals. No container weighing 500 pounds 
or less shall be shipped tm open trucks, 
railroad flat cars or box cars and shty. 
This parngraph does not apply to ship- 
ments of quantities specified tn § 73.14) 
(3). 

(d) When guards are used pursuant 
to §§ 73.31) (1), 73.21) (2), 73.23 and 
73.35, the Heensee shell not permit an 
individual to nct nc a wuard unless there 
fs documentation that tha indiv)cual 
has been quailificd by domonrtratius in 
understanding of i). duties aud root ne 
aliilities. ‘ne dicenst: or dds ecent a) 
have decumentniion {hus guards Lb. ve 
been requalifcd annunty, 

(eo) By January 7, 1974, each Hee 
shal) subrait a plan outiining the pre. 
dures that will be psecd to meet the re- 
quirements of §§ 13.40 through 73.36 nnd 
73.70(g) including a plan for the s< - 
tdon, qualiScation, nnd training of av cd 
escorts, or the specification and dewiyn 
of a spectally desipned truck or trailor 
&5 oppropriate. This plan shall be {u!l- 


Jowed by tne licensee after March 6, 
1974. 
(f) A licensee or appicant for a i 


cense may apply to the Commiasion for 
approval of proposed procedures for 
tianspart of special nuclear material in 
No mauner not otherwise authonzrd hy 
the ieeulattons of Ouis part. Buch appl- 
cation #hall include a deseriplion nod 
quontity of the spectel nnuelear matertal 
involve the orkan and destination, Ue 
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tinuous viseue! surveillance by chserving 
thie opent .ryo compuurtmest 
the inconiung vebicle and sasu: 
the sbipment is complete by 
locks cud/or srals. Continuon 
aurveillance of ». shipment chiail bc rorin- 
tained at all tloncs i ts in inal 
or in shorage 
planned in on’cr to aveld 
in excess of 24 hours. Conti 
furvelllance of the cargo cor 
ahall be mainteined up to Ui: 
Vehicic 16 ready te 
minel The rierd sual observ 
cle until it ies depart end shall notify 
the Licensee or his agents of the latest 
status immedately thereafter. 
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delivery of the shiyyment at the f.ob. 
point that the physical protection ar- 
rangements required by FRDA Manual of NR& 
Manual Chapters 2401 of 2495, as appropriate, 
have becn made 

(3) Esch licensee who delivers special 
nuclear material to a carrier for trans- 
port shall also make arrangements with 
the consignee to be notiilcd immediately 
by telephone, telegraph, or teletype, of 
the arrival of the ahipment at its 
destination. 

(d) In addition to complying with the 
requirements specified in paragraphs (c) 
ana (f) of this section, etch licensee who 
exports special nuclear material shall 
comply th the requirements specified 
in $373.20 through 73.35, as applicable, 
up to the first point where the shipment 
is teken off the vehicte cutside the United 
States. he heensee shall also make ar- 
renxements with the consignee to be no- 
tified immedilate}y by telephone and 
telesievh, teletype, or cable, of the ar- 
riviJ of the sh'pment at its destination, 
or cf any such shipment that fs lost or 
unceccounted for after tie +. timated time 
of arrival at its destinnt) i. 

(e) ach licensee who receives a ship- 
ment of special nuclear material shall 
imyucciately notify the persy: who de- 
liveredi the material to a carrier for 
transport of the arrival of the shipment 
ut its destination. In the event such u 
shipmcut fails to arrive et ils destination 
at the cstimated time, the consignee, if 
® licensee, or in the ence of an export 
shipment, the licensee who exported the 
shall immediately notify by 
nnd telegraph, or teletype, the 
Directo; of the appropriate Nuclear Reguiatory 
Commission Inspection and Enforcement 
Reglorn! OF Usted in Appendix A of 
this part, enu the Nersee or other per- 
60n Whoo dclivercd the rm :teria) to o car- 
rier for transport. The sicensce who mads 
the fecal protection arrevucements 
waiall ep! immediately nottiy by tele- 
phone and telegreph, or telety;-* the Di- 
rector of the appropriate Nuctear! alory 
Commission taspection and | mci t? 
gions! offic din A ndaix A ot clic 
Bclion beine Us tot wf shipment 
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submitted to the Atomic Energy Commission 
for approval shall be followed by the licensee 
after March 6, 1974, 


£77.50 Requirements for physical pro 
toction of licensed activitiern. 


In addition to any other requirements 
of this part, each: licensee who ts author- 
ized to operate a fuel reprocessing plant 
pursuant to Part 50 of this chapter or 
who possesses or uses uranium-235 (con- 
tained in uran! °n enriched to 20 pereent 
or more in the u-235 fsotope), uranium- 
233, or plutonium alone or in any com- 
bination tn a quantity of 5000 grams or 
more computed by the formula, grams -= 
(grams containcd J-235) 4 2.5 (grams 
U-233 + grams plutonium), other than 
in the operation of a nuclear reactor H- 
censed pursuant to Part 50 of this chep- 
ter, shal! comply with the following. 

(a) Physical security organization. 
(1) The licenses shall establish a secu- 
rity organizat including guards, to 
protect his fuc lity against industrial 
sabotage end t..e special nuclear mate- 
Tial in his pos jon against theft 

Z) At least one supervicor of the se- 
curity organization shall be un site at 
all tins 

(3) The licensee shall estaLlich, maia- 
tain and follow written securily pooce- 
dures which) document the strvctwe of 
the securit’ organization and which dr- 
tail the du! .s of guards, watchrarn, nud 
other individuals responsible fer secu 
rity 

(4) The licensee shail not permif an 
individual to act as a guard or watch: 
man unless such individual has been 
properly trained and equipped and ‘.us 
qualified by demonstrating: () An un- 
derstancing of the Licenree’s secur’ 
procedures, and (ii) the ability to exe- 
cute all duties required of bim by such 
procedures, Each guard and watchman 
shall be reguelified at Jeast annually 
Such requalifiiation shill be docu 
mented. 

(b) Physical barriers. (1) The hic 
shall locate vilel eyulpoent oul 
f& vital aren, which, fn turn, shall be lo- 
cated within a protect d area such 
access to vitol equipme vu recul 
rage throw. at Jeust tro ph 
riers. More than one vital r° 
within @ single nrotected ar. 

(2) ‘The lic se chull locule 
access areas within promt: 
tuch that ex 6 to the maie 
area requires rage throup? 
two physical barrie More t' 
material necess urea may be within 
single protectcd rrea 

(3) The pby-siccl barrier at the pe- 
rimeter of the protected area shal! be 
separated from any other barrier desig- 
nated as a physical berricr within the 
protected area, sid the intervening 
space monitored or periodiceliy checked 
to detect the presence of persons or ve- 
hicles so that the facility security orgeni- 
zation can respond to suspicious activity 
or to the breeching of any physical buc- 
rier 

(4) *n Isolation rone shall be mein- 
tatned avound the , bysiecal barrier at the 
periincter of the prote ted srea and nny 
part of a build! used as part of tint 
physical bearricr, the laglatiou cone shall 


ensce 


Veautbast 


APPENDIX D-5 
NUCLEAR REGULATORY COMMISSION 


10 CFR 20.205. Procedures for Picking Up, Receiving, 


and Opening Packages. 


§ 20.205 Procedures for picking up, re- 
eciving, and opening packages. 


(a) (1) Each licensee who expects to 
receive a package containing quantities 
of radioactive material in excess of the 
Type A quantities specified in paragraph 
(b) of this section shall: 

(i) If the package ts to be delivered 
to the licensee's facility by the carrier, 
make arrangements to receive the pack- 
age when it is offered for delivery by the 
carrier; or 

(ii) If the package is to be picked up 
by the licensee at the carrier's terminal, 
make arrangements to receive notifica- 
tion from the carrier of the arrival of the 
package, at the time of arrival. 

(2) Each licensee who picks up a 
package of radioactive material from a 
carrier's termmal shall pick up the pack- 
age expeditiously upon receipt of- notifi- 
cation from the carrier of its arrival. 

(b) (1) Each licensee, upon receipt of 
@ package of radioactive material, shall 
monitor the external surfaces of the 
package for radioactive contamination 
caused by leakage of the radioactive con- 
tents, except: 

(i) Packages containing no more than 
the exempt quantity specified in the 
table in this paragraph; 

(ii) Packages containing no more 
than 10 millicurtes of radioactive mate- 
rial consisting solely of tritium, carban- 
14, sulfur-35, or todine-125; 

(iii) Packages containing only radio- 
active material as gases or in special 
form; 

(iv) Packages containing only radio- 
active material in other than liquid form 
(including Mo-99/Tc-99m_ generators) 
and not exceeding the Type A quantity 
limit specified in the table in this para- 
graph; and 

(v) Packages containing only radio- 
nuclides with half-lives of less than .30 
days and a total quantity of no more 
than 100 millicuries. 

The monitaring shall be performed as 
soon as practicable after receipt, but no 
later than three hours after the pack- 
age is received at the license’s facility 
if received during the licensee's normal 
working hours, or eighteen hovrs if re- 
ceived after normal working hours. 


(2) If removable radioactive contami- 
nation in excess of 0.01 microcuries 
(22,000 disintegrat: ns per minnte) per 
100 square centimeters of package sur- 
face is found on the external surfaces of 
the package, the licensee shall immedi- 
ately notify the final delivering carrie: 
and, by telephone and telegraph, the ap- 
propriate Nuclear Regulatory Commission In- 
spection and Enforcement Regional Office 
shown in Appendix D. 


Taste oy Exempr aNp Trvrs A QUANTITIES 


Erem Type A 
‘Transport group! quantity brait quantity mit 


Gu millicuries) (un curies) 
1 @ 001 
1 0 060 

1 3 

1 ry) 

1 Da 

1 1000 

28, 000 1000 

1 ) 


(c) (1) Each licensee, upon receipt of a 
package containing quantities of radio- 
active material in excess of the Type A 
quantities specified in paragraph (b) of 
this section, other than those transported 
by exclusive. use vehicle, shall monitor 
the radiation levels external to the pack- 
age. The package shall be monitored as 
soon as practicable after receipt, but no 
later than three hours after the package 
is received at the licensee’s facility if 
received during the licensee’s normal 
working hours, or 18 hours if received 
after normal working ‘sours 

(2) If radiation levels are .ound on the 
external surface of t’1e package in excess 
of 200 i Ulirem per liour, or at three feet 
from the exici imi surface of the package 
in excess of 10 millirem per hour, the 
licensee shall immediately notify, by 
telephone and telegraph, the final de- 
livering carrier and the appropriate 
Nuclear Regulatory Commission Inspection 
and Enforcement Regional Office shown in 
Appendix D. 

(d) Each licensee shall establish and 
maintain procedures for safely opening 
packages in which licensed material is 
received, and shall assure that such pro- 
cedures are followed and that due con- 
sideration is given to special instructions 
for the type of package being opened. 


APPENDIX E. 
POPULATION DOSE FORMULAS FOR NORMAL TRANSPORT 


The basic formulation for the assessmei.t of population 
dose is based upon an analysis contained in NSS 8172.2". The 
results derived in the report (hereafter called NSS) are 
based upon an expression for dose rate as a function of 
distance from a shipment of radioactive material. In NSS it 
was assumed that the shipment was sufficiently small that the 
radiation appeared to emanate from point sources. This is 
an acceptable approximation for distances between the 
receptor and source of approximately two source characteristic 
lengths. At smaller distances, the point source formula over- 
predicts exposure and, therefore, will provide a conservative 
(too high) estimate of dose. The dose rate formulation is 


given by: 


where D(r) = dose rate in mrem/hr 
K = dose rate factor 
B(r) = Berger buiidup factor 
Tv absorption coefficient for air 1.05 x 10 


re distance from source (cm) 


Because the NSS study was devoted to large shipments of 
nuclear fuel cycle products in exclusive use vehicles, the 
assumption adopted in the report was that a 200 mrem/hr dose 
rate occurs at the vehicle's outer surface (assumed to be 
3 feet from the shipment vehicle centerline). To achieve this 


6 


dose rate, K takes the value 1.67 x 10 mrem/hr. The dose rate 


——_——_ 
'Ryaluation of Routine Fxposure from the Shipment of Radioactive 
Material for the Nuclear Power Industry" a Holmes and Narver Inc. 
Nuclear and Systems Science Group Report, NSS 8172.2, prepared 
for the USEPA under contract No. 68-01-2101, September, 1974. 


versus distance obtained from this formula are shown in 


Figure E-l. 


From Figure E-l it is seen that if the source of 
radiation were in a package with a distance of 1.2 feet from 
the source to the nearest surface, the package TI rating would 
be approximately 100 TI. In subsequent developments, where 
single packages rather than shipments are involved, this 
single package equivalent TI rating will be used to normalize 


dose rates to unity transport index. 


A. Dose to Surrounding Population While Moving 


Using Equation 1 the integrated person-rem, was 
calculated in NSS for an area Y kilometers on each side of, 


and 1 kilometer in each direction along the transport 


link. The area was occupied by people at a density of 

E person/km? and the vehicle was assumed to move at a 
speed of 80 km/hr. In such an area having a half-width, 
Y = 0.8 km, 107° person-rem/shipment kilometer/unit 
population density was found by integration to be the 
accumulated population dose. To calculate the population 
dose for other situations, the following formulation for 


population dose PD, is found: 


-6 erson-rem 80 
PD = 1 * p. P 
m m 0 | ——..-- unit population density) 4 Nes L \ 


where P = population density in persons/km 
N. = number of sh) pments (200 mr/hr surface dose) 
L = length of travel (km) 
V = transport speed in (km/hr) 


Converting the units in this expression to a form 


compatible with this study yields the following equation: 


= 323 -s 107? 


where P’ population density (people/mi7) 


distance travelled/shipment (miles) 
shipment speed (mi/hr) 
number of shipments/yr 
TI TI per shipment 


/ 
PD person-rem/yr 


The manner ir which PD’ varies with Y, the distance 
on each side of the transport link which receives the 
dose, is such that about half of the population dose is 
received within the first 100 meters on each side of the 
transport link. Thus, in hilly areas or in cities where 
there is significant shielding from terrain or buildings, 
the doses received are likely to be smaller by a factor 


of approximately two. 


By transforming equation 2 from a moving to a 
stationary shipment context, the dose to surrounding 
population is obtained. The quantity L/V is replaced by 
stop time T(in hours/shipment) to obtain: 

PD. = 3.1 x 10°" 'sNo+TI-T 


2 


Dose to Population on Transport Link 


Using the dose-distance relation given in Equation te 
the mean dose rate received at a point during the approach 
of a shipment on a path which passes within a distance 
d(feet), of the receptor: point was calculated and is shown 
in Figure E-2. The dose, Dre experienced by a vehicle 


moving relative to the shipment is given by: 


-4 mrem-mi — . : 
ee ie : D(d) /V re hipment 
7 = So eS | eo 
where Dp = the total dose received in passing a shipment 
(200 mrem/hr at surface) 
D (d) = the mean dose rate from Figure E-2 in 


passing a distance d from the shipment 
(mrem/hr) 
Vp, = the relacive velocity hetween the vehicle 


and shipment (inph) 


With the dose rate for a shipment corresponding approximately 


to a 100 TI package, De becomes: 


D. = 6 x 10°° Dia) /v 


> rem/TI (4) 


R 


To evaluate the dose to population using the transport 


link, the number of vehicles exposed must be determined. 


The total number of vehicles/mile on a road in one direction 


ist 
KN 
NU = —— 
r TBV,, 
where K traffic factor = 2 for day time, 4 for rush hour 
N = number of vehicles/day 
V,, = traffic speed (mph) 


i i 
If Vs is shipment speed(mph), the number of vehicles 


exposed during a length of shipment travel, L, is: 


p KN l 1 \=— _ 
(a) in oncoming lanes 78 (a + z)E = No 
di s 
j : KN te eee 
(b) *n following lanes rr) (7 v-)E = 8, 


The total dose received by passengers within the vehicles 


> is given by: 


=6 =. . : -6 =/;2¢ 
A x de ) 
Te 6 x 10_ (do) a Ae Be D(df ) S.TI-N 
si re) V R f Ve s 


The factor S is the number of veople per car. After some 


algebraic manipulation, D,, becomes: 


D. = 6 x 10 >r \ >_< Sa a (person-rem) (5) 
Ss 


Here D(d_) is the mean dose rate in oncoming traffic lanes 
a distance d, from the shipment's lane Similarly, D(d¢) 
is the mean dose in following lanes a distance d, from the 
shipment's lane. Some representative values for 


5 (D(d_) + D(d,)) in Equation 5 are: 


; =] , 
2 lane roads Le Le mrem/hr 
oe 
4 lane roads ox 210 * mrem/hr 
mk -2 ; 
4 lane freeway 7-8 x 10 mrem/hr 


Input Data for Dose Caiculation 


Table E-l provides a complete list of all parameters 
used in the expression to evaluate population dose as well 


as other parameters uc2d in the norma] transport model. 
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DISTANCE FROM SHIPMENT 
FIGURE E-2 Mean dose rate obtained in moving from infinity 


to the distance indicated and in passing at the 
distance indicated. 
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TABLE E-1 


INPUT PARAMETERS FOR NORMAL TRANSPORT 
CALCULATION OF POPULATION DOSE TO RADIATION 
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APPENDIX F 


PRODUCTION OF A NUCLEAR EXPLOSION BY AMATEURS - 
POTENTIAL AND CONSEQUENCES 


A complete review of the safeguards problem must include 
consideration of the potential consequences of safeguards 
failures. A successful theft of sufficient quantities of 
special nuclear material could lead to the use of explusive 


or radiological weapons. 


Fabrication of a Nuclear Explosive by Amateurs 


The debate on whether or not construction of a nuclear 
explosive device is easy revolves around matters of degree. 
There appears to be general agreement that, given the avail- 
ability of the requisite nuclear material, the construction 
of an illicit explosive device requires a certain level and 
range of skills and resources. Disagreement. arises with 
respect to the way the level of required skills and resources 
are characterized. | 


A theoretical knowledge of nuclear physics and the 
unclassified literature on how nuclear weapons work are not 
a sufficient basis for the confident design of a practical 
nuclear explosive. The critical knowledge required for 
designing and fabricating a reasonably reliable nuclear 
explosive is not theory; it is the practical experience in 
design, fabrication and testing of actual nuclear devices -- 
the experience of having tried and experimentally determined 
what will and will not work and why. This kind of knowledge 
is not widespread. 


The assembly of a workable weapon is complex and laden 
with many obstacles, any one of which could prevent the 


accomplishment vf the adversary's first goal -- the avail- 


ability of a workable explosive device. The attempted 
detonation of even high-grade material is more likely to 
result in a low tonnage yield or a disassembling, non-nuclear 
explosion than a substantial yield explosion unless the 
fabrication and assembly have been carried out by highly 


trained and experienced technicians. 


Considering the sequence of goals that must be attained 
by the adversary, the overall probability of any successful 
explosion of an illicit weapon is low. That such a weapon 
would be in the multikiloton range is doubtful. Nevertheless, 
the potential consequences arising from any nuclear explosive 
are so serious as to warrant the utmost vigilance, however low 
the probabilities may be. With time, simple "recipes" for 
crude nuclear explosives that might just work could pass into 
the public domain from the ninds of experienced weapon makers. 
Thus, it is essential that nuclear materials be safeguarded so 
as to prevent unauthorized access to or acquisition of any 
Significant quantities of nuclear materiais that could be 


employed in the fabrication of a nuclear explosive. 


The physical effects of a nuclear blast can be determined 
from the published literature. A summary of these physical 
effects is given by Willricsh and Taylor. The damage radii 
for various effects of nuclear explosions as functions of 


yield are shown in Table F-1 of this section. 


samples are given by Willrich and Taylor to illustrate 


tic effects of nuclear explosions in a football stadium, a 
res’ “al area, or a basement parking lot. While the 
exam; © given are speculative and are based on an assumption 


of complete sucess by the adversary, they do illustrate the 


extremely severe consequences of a nuclear explosion. 
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Clearly, if a workable illicit device of even modest 
y.eld t «re cleverly placed and detonated, thousands of 

people could be killed and millions of dollars worth of 
property could be destroyed. For reasons stated earlier, 

the probability that any of these events would actually 

take place, while not specifically quantifiable, is con- 
Sidered to be extremely low. It should be further noted 

that the adversary who has succeeeded in fabricating a 
workable weapon, despite the obstacles cited above, faces 
further serious obstacles if his goal is to cause a high 
number of casualties and great damage. The selection of a 
appropriate emplacement areas is finite; the safeguards 
response capability, alerted by the theft or diversion, would 
have brought its search and detection techniques to bear; and 
law enforcement agencies would be watchful for suspicious 
actions, especially in congested urban areas, at public 
gatherings, at key governmental facilities, and in areas of 


technological vulnerability. 


Dispersal Weapons 


The treatment of the consequences of radiological weapons 
is more speculative than that for nuclear explosions because 
of the greater extent of uncertainty involved. Detailed 
discussions of the subject of dispersal of plutonium are 
contained in References 1 and 2 to Chapter VI (WASH-1227 and 
WASH-1535). In summary it can be said that the possibility 
exists that plutonium could be dispersed into buildings or 
the atmosphere (as could most any chemical, radiological or 
biological agent). Although the potential consequences could 
be significant they would not approach the severity of a 
nuclear explosive. The use of radiological weapons does not 
appear to be consistent with the observed behavior of 


terrorists or extortionists.* 


*Willrich and Taylor 


APPENDIX G 


SENSITIVITY ANALYSIS 


A. Introduction 


A sensitivity analysis was performed on the model used 
for this assessment to determine if the selection of any 
one specific model parameter was unusually significant from 
the point of view of effect on laten cancer fatalities due 


to normal transport (LCF ), latent cancer fatalities 


normal 


due to accidents during transport (LCF or annual 


accident) ’ 
early fatality probability. 


Theoretical Basis 


The sensitivity analysis is based on the following: 


environmental impact of a parameter as a function 


of Xi Xor se x 


n 


variables whose variations are being considered. 


In the case of a single variable parameter (such as number 


of passengers per flight), equation (1) reduces to the identity: 


In the case of a parameter of several variables (such ds 


the proportion of truck travel in the three population 


ar zones), equation (1) can be rewritten as: 
; I ; I 
AI = lim ot. bx. + Lim - *, + lim x, (3) 
x 1 IX, Xx, 
+ 0 1 x. += -6 e 29 ; 
| 2 3 
where fe proportion of truck travel in ith population zone. 


Cx Analysis and Results 


Each variable within the model was increased by 10 percent 
and the percent increase in environmental impact was calculated. 
Although there are dependencies between variables within the 
model, it was found that AI could be accurately approximated 
(and more readily computed) when these dependencies were not 


taken into account. 


The effect on LCF 7 Be oo and annual early 
normal cclaent, 
° fatality probability resulting from the 10 percent parameter 
increases are plotted in Figures G-l, G-2, and G-3. Para- 
meters or variables not plotted had a lower sensitivity than 


the smallest value piotted. 


The sensitivity analysis did not include analysis of 
data such as number of shipments, mileages per shipment, 1iode 
splits between isotopes, etc., since this data is not a part 
of the model as such. The calculated impact is very sensi- 


tive to any change, particularly for changes involving 


secondary modes. However, it was felt that the baseline data 


G-2 


The results show that the most sensitive parameter for 


LCF or LCF ; is urban population density. A 10 
normal accident 
percent increase in that value results in a 6.6 percent 
increase in LCF and a 5.5 percent increase in LCF ; 
normal accident 
In the case of annual early fatality probability, the most 


sensitive parameter is the proportion of air travel/accidents 


in or over medium population zones where a 10 percent para- 


meter increase yields a 6.5 percent impact. 


to Increases in Model Parameters 


FIGURE G-1. Sensitivity of LCF, 


ormal 


Baseline Value 
% decrease in value % increase in value 


Parameter Increased (10%) 4 2 2 4 
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FIGURE G-2. Sensitivity of LCF to Increases in Model Parameters 


accident 
Baseline Value 


% decrease in value + increase in value 


Parameter Increased (10%) 4 2 é 4 
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FIGURE G-3. Sensitivity of Annual Early Fatality Probability to 
Increases in Model Parameters 
Baseline Value 
% decrease in value % increase in value 
Parareter Increased (10%) 4 37 2 4 6 
: SRE SE ‘ 2 es ee ee wee ee on 
Proportion of air travei/ 


accidents in or over high 
population zones 
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